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THE PRESENT STANDING OF APPLIED GEOLOGY. 
FREDERICK LESLIE RANSOME. 


In a strict sense all geology is applied science; it is, indeed, 
the application of many sciences to the elucidation of the history 
of the earth. But as a synonym of economic geology, or what 
the Germans call praktische Geologie, the term applied geology 
is so obviously convenient to express the application of general 
geological methods and principles to the study of valuable mineral 
deposits as to warrant its use with this special meaning. 

In Germany, owing doubtless to the long and unbroken asso- 
ciation of names illustrious in the annals of geology with the 
famous raining schools of that country, economic geology has 
always received notable recognition and its study has flourished 
in honorable affiliation with the other branches of earth science. 
In Britain, on the other hand, the great pioneers who in the first 
half of the last century almost justified the boast that geology 
was a British science, expounded with such irresistible fascina- 
tion the principles of stratigraphy, of volcanism and of earth 
sculpture or erosion, that these branches of the science have con- 
tinued to be more attractive to most English-speaking geologists 
than the obscure problems relating to the occurrence of ores. 
Nor is this very surprising. One who recalls Hugh Miller’s 
descriptions of his excursions in search of ichthyolites along the 
shore of the Firth of Cromarty, some memorable parts of Geikie’s 
“ Ancient Volcanoes of Great Britain,” or certain chapters in Gil- 
bert’s ‘‘ Henry Mountains ” 
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or in Dutton’s “ Grand Canyon of the 
Colorado,” can scarcely fail to realize how much stronger in their 
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instant appeal to the imagination, particularly to the youthful 
imagination, are studies pursued amidst such attractive surround- 
ings than investigations requiring frequent descent into the gloom 
and grime of mines and dealing with processes many of which 
we can never hope to see in operation. Thus it is, that geologists 
as a class have looked upon the economic branch of their science 
with rather languid interest or have even regarded it as occupy- 
ing a somewhat lower plane where the pure light of science is 
slightly dimmed by the smoke of commercialism. That this at- 
titude on the part of the general geologist is not altogether imagi- 
nary is indicated by the fact that papers dealing with economic 
geology, even when of the highest order of scientific merit, seldom 
appear in the periodicals devoted to geology, but for want of a 
more appropriate place, find their most congenial lodgment in 
the transactions of engineering societies and in the mining jour- 
nals. To the creation of this anomalous condition, however, 
other factors have also contributed. 

The economic geologist of the present day occupies a domain 
which cannot be definitely marked off from that of the general 
geologist on the one hand and that of the mining engineer on the 
other. His training, methods of work, mode of thought, and 
aims, are scientific rather than technical. He is primarily a geol- 
ogist and probably in no branch of geology are knowledge of 
stratigraphy, petrology, geomorphology, mineralogy, chemistry 
and physics, as well as the proper use of the imagination and a 
mastery of the art of lucid expression, so essential to the highest 
success. But he must also be to some extent an engineer and 
he cannot ignore the commercial importance of the deposits that 
are the subjects of his study. 

The mutual influence of the mining engineer and the economic 
geologist upon each other’s work and thought has of late years 
been especially marked. In spite of the charlatans, who have 
long availed themselves of the cloak of geology and of the gla- 
mour of conspicuous mining success to prey upon the credulity 
or cupidity of those who seek large returns with small outlay, 
there can be no question that the aid of geology in large mining 
enterprises is being more and more appreciated by those who are 
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quite able to distinguish the assurance and verbiage of the pseudo- 
scientist from the painstaking effort and moderate statements of 
the conscientious scientific worker. That this recognition is 
largely due to the character of the investigations carried out by 
our federal and state geological surveys is certain, and the work 
of the government surveys in particular has won for economic 
geology in this country an importance that seems to fully justify 
the establishment of a journal devoted exclusively to this branch 
of geological science. 

From the practical standpoint, the installation of a modern 
mining plant, which may mean an initial outlay of more than a 
million of dollars, is warranted only when corresponding efforts 
have been made to ascertain the extent, structural relations and 
genesis of the ore body that it is proposed to exploit. The con- 
struction of railways and pipe-lines, the erection of mills and 
smelters, and the other costly preliminaries to the successful 
working of large low-grade deposits, require a more scientific 
ca.culation of probabilities than is necessary for the extraction 
of a superficial pocket of rich ore with bucket and windlass. 
While too, in many cases, a good mine captain, through his 
long experience in just such kind of work and his thorough 
familiarity with the ground, may surpass the geologist in the 
facility with which he follows the visible clues leading to indi- 
vidual ore shoots, yet it is becoming increasingly apparent to 
those in charge of extensive mining operations that to disregard 
geological conditions is to invite loss through misdirection of 
effort if not to court failure. Accordingly some of the larger 
mining companies and at least one of our railway companies now 
retain in their permanent employ geologists of recognized ability 
and international repute, apparently without any misgivings lest 
in so doing they should be maintaining an expensive scientific 
luxury. It is worth noting, moreover, in illustration of this 
trend of opinion, that a prominent engineer in a recently pub- 
lished paper urges strongly the advantages of this policy and his 
recommendation is made the text of an appreciative editorial in 
an issue of one of the mining journals received while this was 
being written. Intelligent mining men no longer believe that 
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the geologist lays claim to miraculous prescience, or that his work 
involves anything more than the concentration of special training, 
wide experience and common sense, directed by a well-ordered 
imagination upon the problems in hand. The importance of 
this indispensable directing faculty, however, one of the axio- 
matic truths of science, has come so slowly into popular recogni- 
tion and the faculty itself has been so often misunderstood that 
one may perhaps be pardoned for recalling in this connection a 
passage that can never be too widely known. “ The truth indeed 
is,’ wrote Playfair over a hundred years ago, “ that in physical 
inquiries the work of theory and observation must go hand in 
hand and ought to be carried on at the same time, more especially 
if the matter is very complicated, for there the clue of theory 
is necessary to direct the observer. Though a man may begin to 
observe without any hypothesis he cannot continue long without 
seeing some general conclusion arise; and to this nascent theory 
it is his business to attend, because by seeking either to verify or 
to disprove it, he is led to new experiments or new observations. 
He is conducted to the places where the transitions of nature are 
most perceptible, and where the absence of former, or the presence 
of new circumstances, precludes the action of imaginary causes. 
By this correction of his first opinion, a new approximation is 
made to the truth; and by the repetition of the same process, 
certainty is finally attained. Thus theory and observation mutu- 
ally assist one another; and the spirit of system, against which 
there are so many and such just complaints, appears, neverthe- 
less, as the animating principle of inductive investigation. The 
business of sound philosophy is not to extinguish this spirit, 
but to restrain and direct its efforts.” 

With the growth of the appreciation of geological methods 
in connection with mining, the field of the mining engineer has 
broadened and he has developed a keen interest in geological 
problems. Not only is this interest bearing fruit in actual con- 
tributions to science by busy engineers but it has reacted notice- 
ably upon economic geologists, who to an increasing degree find 
that, outside of their own ranks, their work appeals more to the 
members of the mining engineering profession than to their 
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brother geologists who have no desire to exchange the genial 
sunlight for the miner’s candle. 

That this relation contains elements of danger to the scientific 
investigator is obvious. In conjunction with the material re- 
wards now within reach of mining geologists it tends to convert 
him into the geological engineer. In general such a change is to 
be regretted, not because one line of work is necessarily better 
or worse than the other, but because the best interests of all 
require that both fields be adequately filled, that mining engineers 
and economic geologists should continue in close sympathy and 
mutual helpfulness, but without obliteration of the shadowy 
boundary that still separates the men who are primarily investi- 
gators of natural phenomena from the men who are primarily 
concerned with the most effective methods of forcing the rocks 
to give up their treasures. To the maintenance of such a bene- 
ficial distinction it is believed that the new journal in which 
this brief article appears will materially contribute. It provides 
a place where the results of investigations of scientific character, 
recorded in the concise and accurate phraseology of science and 
addressed to readers who need no concessions to their knowledge 
or intelligence, may appropriately be assembled, and where ques- 
tions of interpretation or theory may be freely discussed. If this 
ideal is steadfastly adhered to, there can be little doubt that the 
journal wili not only be a potent means of maintaining the dignity 
and influence of one of the most important branches of geology 
but will be of the greatest ultimate service both to mining engi- 
neers and to general geologists. 

Economic geology is preéminantly an appropriate field for 
government activity. The cost of comprehensive studies of 
mining districts and of the proper presentation of the results is 
such that, if left to private enterprise, the investigations would 
necessarily be sporadic, unsystematic, and incomplete. The re- 
sults of thorough economic studies, moreover, are of recognized 
value to the community and that value must always largely de- 
pend upon a well-founded confidence in the integrity, impartial- 
ity and ability of the members of the scientific corps having the 
work in charge. The American people, particularly in the 
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mining regions, and in the great arid tracts of the west where 
geology is being applied with such signal success to the problems 
of irrigation, have recognized these facts and have thereby ad- 
vanced the science of geology as well as their own interests. But 
from the standpoint of applied geology, another step seems now 
desirable. That the publications of the United States Geological 
Survey will continue to record a preponderance of the investiga- 
tions in economic geology carried out in this country is perhaps 
to be desired and is certainly to be expected. But that the official 
work of a single government bureau, however large and influ- 
ential, should represent, so nearly to the point of exclusion, the 
activity of an important branch of science is best neither for the 
bureau nor for science. To some extent the various state surveys 
tend to prevent stagnation of the intellectual circulation, but the 
most efficient medium for the wide and free exchange of ideas is 
undoubtedly a thoroughly representative and vigorous journal. 

It is impossible to review in an article of this. brevity the practi- 
cal achievements of applied geology in the last few years. They 
are most of them familiar to well-informed mining men and have 
received such substantial recognition that the economic geologist 
can regard with equanimity the occasional disparagement of his 
work, which springs in some cases from misunderstanding of 
his methods; in other cases from the disposition to magnify the 
importance of failures that, in a subject of such inherent difficulty, 
are inevitable, though surely not so frequent as they are in practi- 
cal mining; and in still other cases from the rough-and-ready 
scheme of classification that in a double sense confounds the man 
of attainment and the impostor. 

On the theoretical side, economic geology, particularly the 
study of ore deposits, has made notable progress, not so much 
in the way of new suggestions as in the firm establishment and 
definite enunciation of principles of which it is not difficult to 
find here and there a vague hint in earlier literature. As Mr. 
S. f. Emmons has well said with reference to the state of knowl- 
edge of ore deposits in the last quarter of the nineteenth century, 
“So fertile had been the imagination of previous thinkers on 
this subject that at this time it was practically impossible to 
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conceive a theory of origin for a given ore deposit that had not 
already been proposed, or at least suggested.” 

Probably the most important advance made in recent years in 
the theory of ore deposits was the independent recognition by 
S. F. Emmons, C. R. Van Hise and W. H. Weed, of the co- 
operation of more than one period of deposition in the forma- 
tion of most masses of rich sulphide ores, and the clear presenta- 
tion by these workers of what is now commonly known as the 
principle of secondary sulphide-enrichment. 

The practical importance of this process was very quickly ap- 
preciated, particularly in relation to copper ores, and at the present 
day no valuation of a copper deposit containing cupriferous sul- 
phides can be considered satisfactory unless the possible operation 
and probable results of such secondary processes are carefully 
weighed. Toa less conspicuous extent, the same statement holds 
true of deposits carrying other metals. Incidentally, by focussing 
attention upon the vertical range of ore masses, the theory of 
secondary enrichment has aided in displacing the cheerful, opti- 
mistic, and popular doctrine that ore bodies in general continue 
to increase in size and richness to limitless depth, by the more 
rational view that every ore deposit has its lower limit, and that 
this limit should, if possible, be approximately determined before 
it is reached in actual mining. 

That the process of secondary enrichment should be appealed 
to in many cases where there is little evidence to support it, is 
the natural tribute levied upon a novel theory that has just been 
clearly and attractively formulated. When, for example, it is 
maintained that below the rich ore shoots of the Cripple Creek 
district there will be found a deep secondarily enriched zone, it 
is certain that hope, rather than reason, dictates the prediction. 

The common association of ore deposits with igneous rocks 
seems to have been first noted by von Humboldt, but the exact 
significance of this relation has long been a moot question. In 
this country, the pioneers in monographic economic work de- 
veloped a modified lateral-secretion-ascension theory of ores 
derived from solidified rocks by circulating meteoric water, in 
most cases stimulated to greater activity by the heat of intruded 
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igneous masses. Even in the case of the Comstock lode, not- 
withstanding the evidence of former intense volcanicity that is 
so patent over this entire region and the presence of Steamboat 
Spring (whose flow of hot water is known to have decreased in 
the last twenty years) only six miles away, the only hypothesis 
suggested by Becker in explanation of the copious thermal waters, 
and probably the only one that would have occurred to most 
geologists at that time, was that they were meteoric and were 
derived by artesian flow from the Sierra Nevada. 

For twenty years, the belief, either tacit or expressed, of the 
all-sufficiency of meteoric water to form nearly all ore deposits 
held full sway in this country and may be said to have reached 
its culminating expression in the notable paper by Van Hise on 
the principles controlling the deposition of ores. In Europe, 
however, Vogt, Beck, and other workers, were developing some- 
what different views and in our own country, Kemp, Spurr, 
Lindgren, and Weed presented strong arguments for a return to 
views long singularly neglected and which, apart from the con- 
ception of a liquid interior of the earth prevalent in his time, 
are substantially those enunciated by Elie de Beaumont in his 
paper “ Sur les émanations volcaniques et metalliféres,’’ published 
in 1847. De Beaumont held that most of the metalliferous ores 
were deposited from solutions that had been given off originally 
in a gaseous condition from cooling or solidifying magma. 

Ores can undoubtedly be deposited under certain conditions 
by either meteoric or magmatic water and probably in many in- 
stances both have cooperated to effect the exceptional concentra- 
tion of rare or generally dispersed constituents which we call an 
ore body. ‘The range of action of these two agencies remains to 
be determined and constitutes a very difficult problem. The 
efficacy of magmatic water has clearly been exaggerated in cer- 
tain specific cases and it is not improbable that the reaction from 
the meteoric hypothesis may gather such momentum as to over- 
shoot the truth. But the movement itself, by breaking up a 
crust that we were in some danger of mistaking for solid ground, 
and by opening new avenues of thought and suggesting new 
problems for solution, is a step in general progress. How some 
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of these problems may be attacked has been well shown by Lind- 
gren in his papers on “ Metasomatic processes in fissure-veins ” 
and on “ The character and genesis of certain contact-deposits.”’ 

It is impossible for one to review the later chemical and physi- 
cal contributions to economic geology without being impressed 
with the extent of the field for experimental research and with 
the little that has been accomplished in connection with the forma- 
tion and alteration of ore bodies. Kohler has shown experi- 
mentally that the property possessed by porous materials, such 
as clay, or by colloidal substances, of precipitating certain con- 
stituents from solution, the process of adsorption, may be an im- 
portant factor in ore deposition; H. V. Winchell has succeeded 
in demonstrating in the laboratory the formation of chalcocite by 
the action of dilute, acidified, cupriferous solutions upon pyrite 
at ordinary temperature and pressure; H. N. Stokes has obtained 
important but unpublished results along similar lines; but these, 
and the few other researches that might be mentioned, serve but 
to accentuate the need for further work. The possible osmotic 
action of wall-rocks upon ore-bearing solutions, the chemical 
character of these solutions, the manner in which telluride ores 
are concentrated and deposited, and pneumatolytic action, are all 
subjects whose experimental investigation presents more or less 
formidable difficulties, it is true, but which might be pursued 
with some hope of success in governmental or suitably endowed 
laboratories. Even the processes of oxidation in sulphide ores 
are very imperfectly understood although these take place under 
ordinary conditions of temperature and pressure. The common 
mineral chrysocolla, for example, seems never to have been arti- 
ficially produced and we have no clear conception of the natural 
conditions under which it forms. 

In conclusion, it may be pointed out to those considering the 
following of some branch of geology as a life work, that economic 
geology, while at first glance less attractive than the other lines 
of geological study, has some decided advantages. If work 
underground and the often sordid surroundings of a mining 
town are less congenial to a lover of natural beauty than the 
quiet pursuit of knowledge among the hills, if the murky atmos- 
phere of a stope is but a poor exchange for 
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“the glory of the sun. 
And streams that murmur as they run,” 


it may yet be remembered that contrasts give zest to our enjoy- 
ment and that the work of applied geology is by no means all 
underground. The most successful economic geologist is likely 
to be he who retains his interest in the broad aspects of the science 
and who sees to it that his capacity for general geological field 
study does not rust for want of use. For the investigation of 
most ore deposits a thorough knowledge of the local geology is 
indispensable and of this knowledge a considerable part at least 
should be gained at first hand. If the necessity of entering mines 
often involves vexing delays and loss of time, it brings the geolo- 
gist into contact with men of many types and teaches him that 
a knowledge of human nature may in some cases be quite as use- 
ful an instrument of investigation as petrography. The problems 
connected with economic geology are many and varied and their 
solution calls for scientific ability of as high an order as is de- 
manded in any other branch of earth study. If the fact that 
proficiency in economic work is coming to have a high market 
value be regarded as inimical to the spirit of science, the danger 
is one that most men can face, if not with confidence, at least 
with serenity. 
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SECONDARY ENRICHMENT IN ORE-DEPOSITS OF 
COPPER. 


James FurMAN Kemp. 


Among the later conceptions which have been established in 
the last five years regarding the formation of ore-deposits; such 
as the shallowness of the meteoric groundwater; the necessarily 
correlative importance of magmatic waters; and the secondary 
enrichment of veins; the last-named is, in its practical applica- 
tions, of the greatest importance. The other two are more 
largely theoretical, although not for that reason of any less 
scientific interest. Furthermore, it is true that secondary enrich- 
ment has been specially elaborated in the case of copper, and the 
investigations, which have proved really fruitful have been chiefly 
based upon its ore-deposits. Nevertheless there is little doubt 
that several other metals will, in time, justify the same statement 
regarding them. 

Copper is a peculiarly soluble metal in nearly all of its com- 
pounds. It is almost invariably associated with sulphides of 
iron, which are exceptionally vulnerable to descending oxidizing 
waters. In certain cases of the first magnitude the copper sul- 
phides, or rather the copper-iron sulphides, are found in associa- 
tion with limestone, so that acid solutions produced by their oxi- 
dation cannot migrate far before being subjected to a powerful 
alkaline reagent. 

Copper acts both as monad and dyad in its chemical relations, 
but its dyad quantivalence involves greater stability in the com- 
pound. Its solutions are very susceptible to reducing agents, and 
the efficient precipitants of this character are now recognized to 
embrace, not only the organic or carbonaceous matter, which was 
much trusted by earlier writers and which was supposed to be 
derived both from the sedimentary beds of the wall-rocks and 
from the descending waters from the surface, but also the ex- 
cess of sulphur which appears in certain minerals like pyrite, 
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wherein there is more than is absolutely required to satisfy the 
iron. The strong affinity, moreover, of sulphur for oxygen and 
its ability to form sulphurous compounds as contrasted with the 
more fully oxidized sulphuric, often place this element in situa- 
tions favorable to a reduction of copper salts. 

The influence of the wall-rock must also not be overlooked, 
since it is of the highest importance. Where the rocks consist 
of silicates, as in the case of the eruptives, the products of secon- 
dary enrichment are chiefly chalcocite, covellite, and chrysocolla ; 
but where limestone forms the walls the blue and green carbonates 
and the red oxide predominate. The garnet contact zones, 
whose importance we are but beginning to appreciate often start 
with chalcopyrite and yield chrysocolla as the oxidized result, a 
very serious factor in the metallurgical treatment of low-grade 
ores in a siliceous gangue. 

If these general relations are kept in mind we may pass in 
review the chief copper ores with comments upon them, which 
it is hoped may serve in a measure to emphasize the crucial points 
and stimulate close study of their succession in formation or 
paragenesis. While not always essential, yet microscopic study 
is often a great aid in such investigations and enough is now 
known to establish the fact, that the succession is not always uni- 
form and that for example chalcopyrite may not only not be the 
original mineral with which the reactions begin, but may even 
be the last member with which they close. 

Copper has some thirteen different minerals which may be con- 
sidered ores, and some eighty-five or ninety others into which it 
enters as the only or the most important base. Almost none of 
the latter are of more than minor or exceptional importance in 
secondary enrichment and they will not be further mentioned. 
In the twelve minerals considered of chief importance tetrahedrite 
and enargite are used as general names for both arsenical and 
antimonial varieties. With these limitations we may establish 
the most important ores as the following: 
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SULPHARSENIDES AND SULPHANTI MON IDES. 


5. Enargite, COSA SSs SCs Assos) wie varecr aes koeswe 48.40 
6. Tetrahedrite, CieSDsSr (ACU Ose) case oo oss ve aces Feeke ase 52.06 
OXIDES. 
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8. Cuprite, NBEO eins ote clas sthelelen + ok pontete ne eron ete 88.80 
CARBON ATES. 
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10. Azurite, BSuCOs CuO sigs es hdd esas teak aS GO 
HypraTep SILICATE. 
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The chief omissions from the list are the arsenates and related 
compounds which constitute the secondary minerals in the Tintic, 
Utah, district, where they have probably been derived from 
enargite, and where they are present in great variety. So far as 
we know at present, atacamite has no special importance in North 
America although an abundant ore in Chili. Twelve minerals 
therefore embrace nearly all those of the first importance. 

While not often succinctly stated, yet it has been the belief or 
assumption of nearly all observers until recently, that the starting 
point of copper-enrichment has been chalcopyrite; and with much 
reason, those who have written or reflected upon the subject have 
in the past harked back to this mineral as the natural point of de- 
parture. In the Sudbury, Ont., type of deposit, where chalcopy- 
rite and pyrrhotite are disseminated in basic eruptives, this is 
true. It also holds good in the pyrrhotite-chalcopyrite ores of 
the eastern Green mountains, and at Ducktown, Tenn. In the 
latter locality there is some evidence that the chalcopyrite is, in 
part at least, of later introduction than the pyrrhotite. Chalco- 
pyrite as an original mineral so far as we know, accompanies still 
more abundant pyrite at Pelly’s Island, Newfoundland; Capel- 
ton, Quebec; Arminius, Va., and in some of the Ducktown ore 
bodies. It is likewise in many garnet zones, and with it in all 
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these the secondary reactions appear to have begun. Yet as 
already remarked and as will be stated in detail under chalco- 
pyrite itself, it may be the last number in the secondary series. 

On the other hand the recent observations of Weed at Butte; 
of Ransome and Lindgren in Arizona and in a comparatively 
small way, of the writer at the Rambler mine, Wyoming, have 
suggested that lean copper-bearing pyrite was probably in these 
cases the mineral originally deposited and that with it the reac- 
tions began. In Dana’s “ System of Mineralogy,” fifth edition, 
the following analysis is given: 


PyriTE FROM CORNWALL, Pa., By J. C. Booru. 


Fe, 44.77 + 56 = 80 \ 84 
Cu, 239 + 63.4 = .038 } or Fex»Cu,S.2 
S, 5337 = 32 = 367 1.67 


In some exceedingly important experiments in the production 
of chalcocite in the laboratory, H. V. Winchell began with pyrite 
containing 1.5 copper and taken from the veins at Butte. If 
we assume that the copper actually replaced the iron in the above 
cases and was not included chalcopyrite, a starting point is pro- 
vided for secondary reactions without involving chalcopyrite 
and we may at least hold the view in a tentative way. All 
who are familiar with the mines at Butte are aware that chalco- 
pyrite is a relatively rare mineral there, and that it is not an im- 
portant contributor to the output of copper. It is not prominent 
in the Arizona mines, the copper in the sulphuretted ores there 
as at Butte, coming largely from the little black films of chalco- 
cite upon pyrite. 

In a general way the interest and importance of the question 
lies in this phase of it. Copper, like all the other metals except 
iron and aluminum, is a very rare element in the economy of 
naturé-~Its concentration into an ore-body rich enough to mine 
is an extraordinary phenomenon, far more so than that of iron 
and still more so when developed without the great preponder- 
ance of iron. If, in the first precipitation or formation, it is a 


2H. V. Winchell, “ Synthesis of Chalcocite and its Genesis at Butte, Mont.,” 
Bull. Geol. Soc. Amer., XIV., 269-276, 1903. Eng. and Min. Jour., LXXV., 
782-784, 1903. 
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minor component along with iron, and, when once placed in these 
favorable relationships, if the percentage in the ores is raised by 
secondary enrichment, a less remarkable and exceptional, and 
therefore a more probable origin is indicated. Passing this ques- 
tion with the remark that it deserves wide-spread consideration 
and the test of application in special cases, where the succession 
of the minerals can be worked out, the individual ores may now 
be passed in review. 

CHALCOPYRITE. 

Chalcopyrite is a peculiar compound whose chemical formula, 
CuFeS,, is open to several interpretations. By doubling this 
form,.it may be expanded into Cu,S,Fe,S,; that is, into a mole- 
cule of chalcocite combined with a molecule of a ferric sulphide 
which is not known by itself. The formula also implies that the 
copper acts with its lower or monad quantivalence and the iron 
with its higher or triad. A graphic formula may be constructed 
as follows: | 

re om 
Fee 
Ne 


s—Cu 


< 


Were there originally present pyrite, FeS, or Fe} in which 
S 


some dyad copper replaced the ferrous iron, then, if by any pos- 
sible reaction the quantivalence of the iron were increased to the 
triad state and that of the copper reduced to the monad,—reac- 
tions which are in a way complementary,—two molecules of 
cupriferous pyrite would just yield chalcopyrite. Professor Paul 
Groth has suggested in his “ Tabellarische Uebersicht der Min- 
eralien.” a work, which in its suggestive and critical character, 
has been in the highest degree fruitful, that chalcopyrite might 
be a salt of a supposed acid, HFeS,, in which iron possessed the 
triad quantivalence.t The change from cupriferous pyrite might 
also take place with the probable production of by-products not 
referred to above, and as illustrated in the following equation 


*Compare in this connection a letter signed Agricola, in the Engineering 
and Mining Journal, June 15, 1905, p. 1147. 
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which requires cupriferous pyrite at one point to be oxidized and 
yield copper sulphate for the enrichment of pyrite elsewhere. 


2FeS2 + 2CuSO,. = CurS,FeS; + 2SO2 + 40 


In copper smelting, under conditions of reduction and with 
oxygen enough to combine with the iron, we know that at high 
temperatures copper goes to the sulphur and iron oxide to the 
silica by preference. In dilute solutions, however, and having 
regard to ionization, thermodynamic reactions do not always hold 
good and one may speculate as to whether any sound chemical 
principle is opposed to this reaction, wherein with respect to sul- 
phur iron acts as a reducing agent on the quantivalence of the 
copper, profiting just so much in raising its own combining 
power. 

At least two instances have now been observed in which chalco- 
pyrite appears as a secondary mineral and one of very late forma- 
tion in the series. After microscopic study of a suite of bornite 
specimens collected by the writer at Copper Mountain, near 
Princeton, B. C., Jules Catherinet! was able to establish the fol- 
lowing paragenesis: 

1. Bornite. 

2. Covellite and limonite. 

3. Chalcocite. 

4. Chalcopyrite and chalcocite. 

Thus the yellow sulphide was in the last group. Recently at 
Butte, covellite has been found with thin films of later chalco- 
pyrite filling the crevices between its tabular crystals. The 
Butte covellite is one of the secondary products from the changes 
in cupriferous pyrite and it is of great interest to find the chalco- 
pyrite formed so late in the process. 

Chalcopyrite occurs so often in association with pyrrhotite that 
one cannot but speculate upon the possibility of a cupriferous 
variety of the latter from which reactions might start and yield 
the former. A few trial equations will show, however, that the 
changes can only take place with the loss of iron from the 


+“ Copper Mountain, British Columbia,” Engineeering and Mining Journal, 
I g g 
June 19, 1905, p. 125. 
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pyrrhotite, since the atomic ratio of iron to sulphur in it is 7:8, 
whereas in chalcopyrite it is 2:3. 

In passing from chalcopyrite one may again remark that there 
is no doubt of its.occurrence, so far as our observations go, as 
an original mineral in many ore-bodies ; but enough is now known 
to prevent us attributing this character to it in new instances 
without close observation and interpretation. 


BORNITE. 

Bornite, on account of its high percentage of copper, has been 
generally considered a product of secondary enrichment, so far 
as it has been considered at all. Its condensed formula, Cu,FeS,, 
may be doubled and expanded into 3Cu.S,Fe,S;, and this may 
be written graphically. 

Ca—5 ee Cu 
Cu—S—Fe—S—Cu 

As in chalcopyrite the iron acts as a triad and the copper as 
a monad. The possible acid of which this might be a salt is 
H;FeS;. An equation similar in all respects to the one given 
above under chalcopyrite can easily be written for bornite as 
follows: 

2FeS: + 6CuSO; = 3Cu2S,FeS; + 4802+ 160 


It has, however, little significance other than to suggest that 
bornite would require an excess of copper sulphate and in its 
presence would perhaps form instead of chalcopyrite. Many 
other factors might enter into the combination and modify the 
mathematical exactness of the expression. 

Bornite is not, however, necessarily nor always a secondary 
mineral. In the case of Copper Mountain, B. C.,! above referred 
to, it occurred as an original mineral in large and coarse pegma- 
tite dikes or veins, in several claims; and in others filled small 
and narrow crevices in the country rock, while close at hand, 
similar crevices contained feldspars and related pegmatitic 

‘Besides the reference to Mr. Catherinet’s paper just given, see also J. F. 


Kem», Trans. Amer. Inst. Min. Eng., XXXI., 182, and O. N. Scott, Journal 
Canac.an Mining Institute, V., 493, 1902. 
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minerals. The paragenetic changes began in this case with bor- 
nite. The peacock ore furnishes an interesting case for further 
study and definite records of its relations and derivation might 
be much amplified. 

COVELLITE. 

Covellite, CuS, the normal sulphide of dyad copper is a beau- 
tiful blue mineral, which has been esteemed until recently to be a 
rare one in America. It remains one of the least common of the 
sulphur compounds of copper, even though it is the usual one 
which we obtain in the reactions of the laboratory. It occurs 
in amounts of some size at Butte, especially in a crushed and 
kaolinized zone in the Grey Rock mine; and it was one of the 
chief ores taken from the Rambler mine, Wyoming. It is known 
at Bingham, Utah, and doubtless in many other camps in a 
small way. Nevertheless, its rarity will be apparent from the 
fact that a considerable quantity of the Rambler covellite was 
sold by the pound to dealers in mineral specimens, rather than 
to the copper smelters. 

Covellite is, so far as known, a secondary mineral and results 
from the reactions produced upon the leaner original sulphides, 
by the descending atmospheric waters and the subsequent reduc- 
tion and precipitation of the copper sulphide. T. T. Read?’ has 
worked out the paragenesis at the Rambler mine, Wyoming, as 
the following: 

1. Chalcopyrite. 

2. ‘ovellite and chalcocite. 

3. Pyrite. 

He suggests the following reactions as perhaps applicable: 


Chalcopyrite. Covellite. 


CuF eS: + CuSO, = 2CuS + FeSO, 


Chalcopyrite. Chalcocite. Covellite. 
CuFeS: 4- 2CuSO, a SO: - 2H:O = Cu.S st CuS a FeSO, + 2H2SO, 
Chalcocite. Covellite. 


CuS +- H.SO, -{- = Cis -+ CuSO, + H:0 


As H. V. Winchell has shown, the presence of the reducing 
agent SO, leads to the formation of chalcocite, while it would 


1T. T. Read, “ Platinum and Palladium in Certain Ores;” Engineering and 
Mining Journal, May 25, 1905, p. 985. 


be 








he 
vn 

a 
he 
as 
an 


ing 


uld 





ENRICHMENT IN ORE-DEPOSITS OF COPPER 19 


appear that in its absence or in its presence in small quantity, 
covellite may form. The relative rarity of covellite suggests 
that SO, is almost always present. The interesting case of 
pyrite as later than both the simple copper sulphides, established 
by Mr. Read is striking and affords another reversal of the 
ordinary succession. Starting with bornite Mr. Catherinet has 
given the following reaction : 
Bornite. Covellite. Limonite. 
4CusFeS; + 60 + 3H:20 = 12CuS + 2Fe20;,3H:0 

This coincides with the relations shown in the microscopic 
slides, in which, in veinlets crossing bornite, covellite formed a 
band next the walls with limonite in the center. 


CHALCOCITE. 


Chalcocite (copper glance, redruthite) is the black subsul- 
phide, Cu,S, in which the copper exercises monad quantivalence. 
Although sometimes in orthorhombic crystals, it is almost always 
massive or in black crusts or pulverulent coats, which, as W. H. 
Weed has shown in the case of Ducktown, have sometimes been 
taken for melaconite, the black oxide. So far as observed and 
interpreted chalcocite is a secondary mineral and must be 
esteemed to-day the most important one of all, since as H. V. 
Winchell has remarked, it probably furnishes the greater part 
of the copper now produced in North America. The latter 
writer, in a very interesting and very important series of experi- 
ments in which he endeavored to reproduce artificially the reac- 
tions taking place in the veins at Butte,’ has shown that the 
chalcocite molecule will be precipitated in the presence of SO, 
as follows. If we recall that the ordinary precipitate of copper 
sulphide, formed in the laboratory by passing H,S through an 
acid solution of copper, is CuS, it becomes evident that, to obtain 
Cu,S, some reducing agent must be present, yet one not strong 

*H. V. Winchell, “ Synthesis of Chalcocite and its Genesis at Butte, Mont.,” 
Bulletin Geol. Soc. Amer., XIV., 269-276, 1903. Eng. and Min. Jour., LXXV., 
782-784, 1903. In this reference will be found a review of the experiments 


for the artificial production of chalcocite and of the general chemistry of 
the precipitation of copper sulphides. 
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enough to bring down native copper. Reasoning in this way 
Mr. Winchell placed in a jar some lean copper-bearing pyrite 
(Cu 1.50) from the Butte veins, in a slightly acid solution con- 
taining also SO,. After three months the pyrite was coated with 
a black crust of chalcocite; whereas in a similar jar and in a 
slightly acid solution with no SO,, the same pyrite remained 
bright and unchanged for two years. Experiment also showed 
that SO, is liberated by the action of pyrite and chalcopyrite upon 
CuSO,, a salt which beyond question is yielded by the action 
of oxidizing waters upon the natural sulphides. 

Various other reducing agents, which are strong enough to de- 
prive two molecules of copper sulphate of six atoms of oxygen, 
release SO, and leave the two atoms of copper free to combine 
with the remaining. atom of sulphur, may be expected to lead to 
chalcocite. Organic matter in one descending current of sur- 
face water, which might meet another current, whose oxidizing 
action had availed elsewhere to yield copper sulphate; ferrous 
iron salts; and the ferrous oxide in magnetite, will all occur as 
possibilities to one who reflects upon the subject, but no one of 
these is so generally present or so probable a reagent or in such 
quantity as pyrite with its excess of sulphur. 

Chalcocite is especially prone to form in veins in rocks consist- 
ing of quartz and the silicates, as in the granites of Butte, the 
mica-schists of Ducktown and the porphyries of Morenci, 
Cananea and Bingham. Where, however, limestones form the 
walls, malachite, azurite and cuprite are in greater quantity and 
are the natural results whenever the oxidized solutions migrate 
beyond the influence of the pyrite in the unoxidized ore-body, or 
meet waters coming in from the wall-rock itself. One can only 
speak in approximate terms since the phenomena are not possessed 
of mathematical exactness. 

The importance of chalcocite has only been appreciated in re- 
cent years. In earlier times it was not regarded as a specially 
prolific source of copper, but now that we understand its en- 
riching influence in bringing lean, original pyrite up to profitable 


grade—and now that processes of concentration have been so 





wonderfully improved as to treat very low-grade impregnations 
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(for instance at Bingham, Utah and Ely, Nev.), the black copper 
glance has come into the very fore-front of the ores. 


ENARGITE. 

Enargite, 3Cu,S,As,5; and Famatinite 3Cu,S,Sb.S,; suggest 
analogies at once with the formula of bornite, 3Cu,S,Fe.S3, and 
in their relations to questions of enrichment they are similar. 
That is they are not necessarily of secondary formation and 
probably are among the original vein-fillers. At the same time, 
the formulas and the known facts of occurrence in instances give 
ground for the former interpretation. Enargite is much the 
most important member of the pair and it alone will be hereafter 
specifically treated. If, as in the previous cases of chalcopyrite 
and bornite we tentatively consider enargite and famatinite as 
salts of acids, the latter would be respectively, H,AsS, and 
H,SbS,. Though regarded but a few years ago as a rather un- 
common ore, yet the abundance of enargite at Butte has served to 
bring it into great prominence and the interesting and valuable 
observations of W. H. Weed?* upon this locality are almost the 
only instances in which its true characters have been specificially 
treated. In Mr. Weed’s paper the view is advanced that long 
after the veins of lean copper-bearing pyrites had been formed 
new shattering occurred and in connection with later igneous in- 
trusions a new, uprising series of arsenical, copper-bearing waters 
entered and enriched the older veins with later enargite. In this 
sense enargite is really an original mineral, although of such 
late introduction. At Tintic, Utah, where the veins have been 
described by Tower and Smith? enargite appears to have been 
the original mineral and from it came the arsenates, carbonates, 
etc., which are the secondary results, now represented in all the 
mineral-cabinets of the world. 

Close paragenetic observations on other deposits of enargite 
would be of great interest. The ore is known in several other 

*W. H. Weed, “Ore Deposition and Vein Enrichment by Ascending Hot 
Waters,” Trans. Amer. Inst. Min. Eng., XXXIII., 747, 1993. 


*Geo. W. Tower and Geo. O. Smith, XIX., Ann. Rept. Div. U. S. Geol. 
Surv., Part III., pp. 719 and 720. 











22 JAMES FURMAN KEMP 


places in North America where its deposits are not so large as to 
be unduly formidable. The observer may carry in mind as a 
working hypothesis the surmise as to whether copper solutions 


may develop it from mispickel, a much more widely distributed 
mineral. 
TETRAHEDRITE. 


Tetrahedrite (gray copper) 4Cu,S,Sb,S, and Tennantite, 
4Cu.S,As.S3, are inversely related much as enargite and fama- 
tinite, but in the present case the antimonial compound is the 
more common. Considered as salts of acids the latter would be 
respectively H,Sb,S; and H,As,S,. Both these minerals are 
seldom of the above simple composition but have a number of 
metals replacing the copper in greater or less quantity. Among 
these silver is the chief element of value and as a result, gray 
copper is more often sought for its silver than for its copper. 
The nature of the formulas suggests secondary enrichment with, 
in the arsenical varieties, mispickel as a possible nucleus—but 
many facts of occurrence lead to the conclusion that in some 
veins it is an originally deposited mineral. Thus in those of 
Clear Creek Co., Colorado, the tetrahedrite is associated with 
galena and blende, extends to considerable depths, and gives, at 
least to the cursory observer, the impression that it is one of the 
“first settlers.” 

MELACONITE. 

Melaconite, often called also Tenorite, the black protoxide 
CuO, is a comparatively rare mineral. It is doubtless true that 
the black pulverulent crusts which have often been considered 
melaconite were really chalcocite, and in such cases a blow-pipe 
test for sulphur is advisable before drawing too confident con- 
clusions regarding paragenesis. Melaconite and cuprite are re- 
lated in much the same way as covellite and chalcocite although 
contrasted in that the former are the results of oxidation and the 
latter of reduction. Yet it would appear to be true that with 
abundant oxygen present, melaconite results, whereas, with in- 
sufficient oxygen or in the presence of some reducing agent, 
which makes itself felt to this degree, cuprite the sub-oxide is 
precipitated. Melaconite well deserves further study and obser- 
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vation with the object of throwing light on the circumstances of 
its formation. 
CUPRITE. 

Cuprite, the sub-oxide, Cu,O, is a not uncommon gossan 
mineral but appears to be most abundant where limestones are 
associated with the original sulphides or at least where the altera- 
tion and secondary enrichment have been prolonged and thor- 
ough. As remarked above, insufficient oxidation must be neces- 
sary for its production instead of melaconite, but the probable 
course is the production of sulphate or still later carbonate, which 
has then been reduced to cuprite. Not infrequently native cop- 
per is associated with cuprite and this fact emphasizes the condi- 
tions of reduction necessary to its formation. 

In later phases and with changed conditions cuprite may pass 
into malachite. Pseudomorphs of the latter after the former 
are familiar to all students of mineralogy. Among American 
localities cuprite has been most extensively developed in the 
southeastern Arizona mines. 


MALACHITE AND AZURITE. 


Malachite, the green hydrous carbonate, CuCO,,Cu(OH),. 
and Azurite,’ the blue, 2CuCO,,Cu(OH). are with chrysocolla, 
the commonest products of the oxidation of copper sulphides. 
If we assume that copper sulphate, afforded by the oxidation of 
cupriferous pyrite or of chalcopyrite or even of one of the second- 
ary sulphides, meets calcium carbonate in solution necessarily 


* These two closely related compounds can be best understood when written 
graphically, viz: 


H—O—Cu-— O. 
Malachite, Sc=o 
H—O—Cu—O% 
H—C ae 
ve 
O 
Azurite, Cu 
No 
Sc=o 


H—O—Cu—0” 
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as the bicarbonate, the following reaction probably expresses the 
change with at least an approximation to the truth. 
Calcium bicarbonate. Malachite. 

2CuSO, + 2H2Ca(COs)2—= CuCO:,Cu(OH)2 + 2CaSO, + 3CO2 + H.0 
This would leave the anhydrite molecule in solution. Whether it 
would crystallize as anhydrite or as gypsum is questionable, at all 
events neither of these minerals is a particularly characteristic as- 
sociate of malachite and the presumption is, that the calcium sul- 
phate passes away in solution. The reaction casts some light on 
the common association of the copper carbonates and limestone. 
Carbonated waters of themselves would scarcely suffice to break 
up so strong a compound as copper sulphate. 

The reaction for azurite is similar. 

Calcium bicarbonate. Malachite. 

3CuSO, + 3H2Ca(COs)2—= 2CuCOs Cu(OH)2-+ 3CaSQ, + 4CO. + 2H:O 

The carbonates are almost invariably closely associated and the 
cause of the production of one rather than the other is not ap- 
parent. It must be physical rather than chemical or else caused 
by the presence of some third component in the process, since 
the ratio of the copper sulphate to the calcium bicarbonate is the 
same in both equations. 


CHRYSOCOLLA. 


Chrysocolla, the bluish-green, hydrated silicate CuO,SiOg,, 
2H,.O, is especially developed amid porous or open-textured 
siliceous rocks, such as tuffs or in the garnet contact-zones. It 
also often appears with malachite and azurite, probably resulting 
from the gelatinizing silica which we find in many limestones. 
It may be written graphically as 


H—O—Cu—O 
TE A 


H—07! 

H—O 
from which we see that it is a partially satisfied molecule of 
orthosilicic acid. Some weak compound of copper in a rela- 
tively dilute solution would seem to be necessary to its formation, 
or else it may perhaps form in the presence Jf calcium bicar- 


bonate as follows: 
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Calcium 
bicarbonate. Chrysocolia 


CuSO, + H.Ca (COs) 2 + H.SiO, = CuO,H,SiO,. + CaSOx + H:20 -+ 2CO, 
Yet, in cases like the Black Copper mine west of Globe, Ari- 
zona, where the chrysocolla is the only ore and where it has re- 


placed a dacite tuff the necessary presence of calcium bicarbonate 
would not be suggested by the wall rock.* 


NATIVE COPPER. 
Native metal is the last possible stage in the reduction of copper 
compounds. It is a not uncommon gossan mineral 





and it must 
be reached after sulphides have been oxidized and their secondary 
products have been reduced. The reduction appears to be occa- 
sioned in some cases by organic matter, that is, by hydrocarbons 
of some sort which are carried downward by the meteoric waters. 
In others and especially in the case of the Lake Superior deposits 
the oxidation of ferrous compounds to the ferric state has been 
suggested as the most probable reducing agent. And again 
electrolysis by earth currents, a most improbable method of pre- 
cipitation, has been urged. Whether sulphur or sulphurous com- 
pounds upon which we have chiefly depended in explaining the 
formation of chalcocite and covellite, will suffice to rob oxidized 
copper salts so completely of their oxygen as to leave the native 
metal may be questioned. At all events, the copper is the last 
stage in the process, and one cannot avoid the conclusion that 
either the copper of Keweenaw point has resulted from an original 
deposit that is very old and that has run the full gamut of second- 
ary enrichment or else some factor has entered which is quite 
differeit from the normal course of changes. 

In conclusion a word may be again said regarding the interest 
and importance which attach to detailed studies of paragenesis, 
for which this magazine furnishes a natural avenue of publica- 
tion. A very great ore-body is not essential to the elucidation 
of the process and it may well happen that a lean or relatively 
unimportant ore may furnish a simpler and clearer series than 
those whose magnitude contributes complexity and obscurity. 


*F, L. Ransome, professional paper No. 12, U. S. Geological Survey, p. 157. 
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HYPOTHESIS TO ACCOUNT FOR THE TRANSFOR- 
MATION OF VEGETABLE MATTER INTO THE 
DIFFERENT GRADES OF COAL.! 


Marius R. CAMPBELL. 


INTRODUCTION. 


The conditions which have led to the formation of various 
grades of coal, such as lignite in one locality, bituminous coal in 
another, and anthracite in another, have not yet been satisfac- 
torily determined. For the solution of this problem a number of 
hypotheses have been advanced, but up to the present time none 
of these have been adequate to account for the various kinds of 
coal and for their peculiar geographic distribution. 

For a number of years the writer has been engaged in the 
study of this problem in the various coal fields of the United 
States, and the present paper is intended to embody his provi- 
sional conclusions in the form of a working hypothesis. The 
object of this preliminary presentation is to attract attention to 
this interesting question and to draw discussion. 


POSSIBLE CAUSES OF METAMORPHISM. 


It is generally recognized that certain things have been inti- 
mately connected with the transformation of vegetable matter 
into coal, but whether these have acted as causes or only as 
modifying conditions of the process, is an open question. In fact 
no clear distinction has been drawn between causes and modify- 
ing conditions, and frequently the two have been confused. The 
most important of these things are Time, Heat, and Crustal 
Movements. 

TIME. 

It is a popular impression that time is one of the most im- 

portant elements in the problem of the transformation of vege- 


*Published by permission of the Director of the United States Geological 
Survey. 
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table matter into coal. As a result many persons regard Car- 
boniferous coals as necessarily belonging to certain grades, while 
those of Cretaceous age should be placed in an inferior class, and 
the Tertiary coals should be relegated to the lowest place in the 
column. 

In a general way differences of this character may be found 
in the coals of different geologic ages, but they are not universal 
enough to prove the proposition, and consequently this can not 
be regarded as a safe generalization. 

The change from peat to lignite, and from lignite to bitu- 
minous coal and anthracite, is due to fractional distillation, which. 
in a measure, involves the element of time, but the rate at which 
the process goes on depends upon local conditions, and hence the 
element of time only indirectly affects the results. For instance 
in the vicinity of masses of volcanic rocks, such as dikes and 
sheets of lava, metamorphism or distillation of the vegetable 
matter may have been extremely rapid, resembling the action 
which takes place in a retort, and in such cases the element of 
time is so small as to be negligible. 

In the case, however, of coal beds of great geologic antiquity, 
in which there is no trace of local metamorphism, the coals in 
general have attained a greater degree of carbonization than 
those of more recent origin, and the element of time seems to 
have been an important factor in the change,—not as a cause, 
but as a condition which permitted the extremely slow process of 
fractional distillation at ordinary temperatures to be partially 
completed in the case of bituminous coal, and almost wholly 
completed in the case of anthracite coal. But time alone does not 
account for the variations within a field of a province, and there- 
fore there must be other conditions which are of equal, if not 
greater importance. These conditions will be more fully dis- 
cussed on a subsequent page. 

If time were-the cause or the controlling condition in the 
change of character of the coal, the brown lignites of Texas, 
which are of early Tertiary age should not be so highly car- 
bonized as the brown lignites of North Dakota which occur in the 
uppermost beds of the Cretaceous system; but the two lignites are 
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essentially the same. If there is any difference, it is in favor of 
the Texas lignite. The anthracites and bituminous coals of 
Pennsylvania also afford a striking case of disregard of time 
conditions. These two kinds of coal are of identically the saine 
age and they occur within less than one hundred miles of each 
other. If time were the only condition, they should be of the 
same grade, but such is not the case and there is no indication 
of local metamorphism in the anthracite field that is due in any 
measure to sensible heat. 

The cases cited above could be duplicated in a great many 
places where there are variations that can not be accounted for 
by changes due to local heat. These seem to afford evidence 
that time is not a cause of metamorphism of coal, but simply a 
condition, which in most cases has been essential to the com- 
pletion of the transformation. 


CRUSTAL MOVEMENTS, 

Many persons have appealed to movement in the earth’s 
crust to account for the known variations in the quality of coal, 
contending that such movements have developed sufficient heat 
to partially distill the coal. At first sight this seems highly 
probable but the study of field conditions does not justify the 
conclusion. 

If, for instance, the folding of the rocks into great synclines 
and anticlines has changed the coal into anthracite in eastern 
Pennsylvania, why has not the same amount of movement in 
some of the isolated synclines of Pocono rocks in Maryland and 
Virginia produced similar coal? It has not done so and there- 
fore the change to anthracite does not seem to be due alone to 
earth movements. The folding of the rocks may have been a 
condition affecting the change, but certainly it was not the cause. 

In the Rocky Mountain region the coal generally is more 
highly carbonized in the vicinity of the mountains, but in most 
cases the increase in carbonization does not correspond with in- 
creased complexity of geologic structure, but rather with some 
regional condition which is associated with, or finds expression in 


the mountains. 
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TRANSFORMATION OF VEGETABLE MATTER 


HEAT. 

Heat is competent to produce all of the grades of coal known in 
this country from lignite to anthracite. Its effects are well 
shown in volcanic regions where lava flows, intrusive sheets, and 
dikes have come in contact with coal beds and changed lignite 
into bituminous coal, bituminous coal into anthracite, or in cer- 
tain exceptional conditions into natural coke. In such cases the 
heat has been intense and doubtless the transformation has been 
rapidly accomplished. At places somewhat removed from the 
actual point of contact but still within the zone of sensible heat, 
similar results have been accomplished, but, of course, on a much 
smaller scale and at a slower rate. , 

The cases cited above are easily explained, but when similar 
results are found entirely beyond the effects of volcanic heat, 
some other hypothesis must be applied. It seems probable that 
in any case heat is the active cause of change in the coal, but in 
regions far removed from volcanic activity, the internal heat of 
the earth is probably responsible for the change. This is more 
readily accepted since it is probable that most, if not all of the 
coal beds now showing on the surface, were once buried by hun- 
dreds or thousands of feet of overlying strata, and hence were in 
a region sensibly affected by the interior heat of the earth. Also 
it is strengthened by the fact that coal frequently suffers a change 
of composition at ordinary temperatures. 

This is a phase of the subject upon which there is little avail- 
able information, but enough has been done to show that coal in 
a finely-divided state and at ordinary temperatures is very sus- 
septible to change in atmospheric conditions, not only with re- 
gard to its moisture content, but also to its volatile hydrocar- 
bons.* 

Fractional distillation whether it takes place rapidly, or slowly, 
at high or low temperatures, is controlled by surrounding or local 
conditions and since these control the process of metamorphism, 
they are equal in importance to the original cause. Heretofore 

*This subject is now being investigated by Professor N. W. Lord, at the 


United States Geological Survey Coal-Testing Plant, St. Louis, and it is prob- 
able that in the near future he will have considerable data on this subject. 
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little attention has been given to these conditions, apparently on 
the assumption that they were of little importance. The result, 
however, of the present investigations has been to show that 
these modifying conditions are of the greatest importance, for 
upon them depends the character of the residual product of dis- 
tillation—the coal. 


CONDITIONS AFFECTING THE ALTERATION OF VEGETABLE 
MATTER INTO COAL. 

The distillation of vegetable material as it exists in beds of 
coal and lignite, alternating with beds of clay, shale, sandstone, 
and limestone, in the earth’s crust, presents a very different prob- 
lem from the distillation of the same material in a retort. 

In the first place, the extent of change depends upon the readi- 
ness with which the products of distillation can escape. If these 
are liberated as fast as they are formed the rate of change de- 
pends upon the amount of heat applied. If, however, the vege- 
table matter is held between impervious layers of rock and under 
great pressure, the gases can not form and consequently there 
will be little change, despite the fact that considerable heat may 
be applied. 

If the conclusions stated in the preceding paragraph are cor- 
rect, the whole process of the transformation of vegetable matter 
into coal is controlled by the porosity of the overlying rocks. 
Porosity is largely a question of composition, but where immense 
thicknesses of strata are involved as is generally the case with 
coal beds, the rocks are practically impervious. 

In general, porosity depends more upon the development of 
joints and cleavage planes than it does upon the original physical 
character of the rocks. If joints are of frequent occurrence or 
cleavage highly developed, the rocks are pervious to escaping 
gases and conditions are favorable for a decided transformation 
of the coal. The general conclusion, therefore, is obvious that 
the degree of carbonization of the coal depends upon the develop- 
ment of joints and cleavage planes, and the quality of the coal 
in any field may be predicted, in a general way, if these elements 
are known. 
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As joints and cleavage planes are the result of stresses and 
movements in the earth’s crust, it follows that where the rocks 
are greatly folded and disturbed these features are most highly 
developed, and as a result the coals are more highly meta- 
morphosed than in other localities, for the gaseous products of 
distillation have readily escaped and the process of transforma- 
tion into higher grades of fuel has been unimpeded. Therefore, 
regional coal metamorphism is influenced by crustal movements, 
but only indirectly through the formation of joints and cleav- 
age planes. 

The element of time also enters into the problem. For old 
rocks although practically horizontal, have, in general, been 
affected by more strains than younger rocks, except in particular 
cases, and therefore they are more broken by joints and cleavage 
planes. The coal beds associated with such rocks are highly 
metamorphosed as a result of this condition and consequently old 
coals are more highly carbonized than those of recent origin. 
Paleozoic coals are either bituminous or anthracite, not directly 
because they are of Paleozoic age, but because they have had 
greater opportunities to part with their gaseous elements and so 
occupy a higher position in the scale of carbonization. 

The brown lignites of North Dakota and Texas have not their 
peculiar characteristics because of their Cretaceous or Tertiary 
ages, but because they are overlain by almost impervious clays, 
and joints and cleavage planes are practically unknown. For 
this reason they have remained in much the same condition in 
which they were deposited. 


APPLICATION OF THE HYPOTHESIS. 

In the Appalachian region this hypothesis explains fully the 
occurrence of the different grades of coal from the graphitic coal 
of the Rhode Island basin where cleavage is very highly de- 
veloped, to the Pennsylvania anthracite where cleavage is less per- 
fectly developed, and to the bituminous field farther west where 
cleavage is practically unknown but joints are of common occur- 
rence. Also in the last mentioned field it explains the decreasing 
carbonization of the coals from east to west as being in accord- 
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ance with the decrease in the development of joints and cleavage 
planes. 

In the coal fields of the Mississippi Valley it explains the gen- 
eral lack of highly carbonized fuel as due to the absence of well 
developed joints and cleavage planes, and it also affords a reason 
for the occurrence of the semi-bituminous and possibly semi- 
anthracite coals of Arkansas. This is the most highly car- 
bonized coal of the Mississippi Valley and its condition is due 
to the fact that the rocks are sharply folded, producing an elabo- 
rate system of joints, which is more highly developed in the 
eastern end of the basin. 

In the Dakota field the increased carbonization of the coals in 
the vicinity of the Black Hills is in accordance with the increased 
development of joints as can be seen by a comparison of the 
brown lignite of North Dakota with the bituminous coal on the 
western rim of the Black Hills. A similar, though not so pro- 
found change can be observed on approaching the Big Horn 
Mountains where the coal changes from brown to black lignite 
and shows a much more pronounced development of columnar 
structure than in the great plains region of North Dakota. 

In Colorado it is generally true that the coals are of a better 
grade in the vicinity of the mountains and examination has 
shown in every case that joints and cleavage are much more 
highly developed in close proximity to the mountains than in the 
region of undisturbed rocks. The writer has observed this dif- 
ference particularly in the Yampa coal field, in Routt County, 
where the coals increase in degree of carbonization as they ap- 
proach the Park Range on the east side of the field, and it is 
also plainly apparent in the Gallup-Durango field, in southern 
Colorado and New Mexico. In this field the coal is bituminous 
around the northern rim of the basin where it lies upon the 
flank of the San Juan Mountains and where the joints are very 
excellently developed; but in the southern part of the field where 
the rocks are only slightly disturbed jointing is much less pro- 


nounced and the coal is only a black lignite. 
So far as the writer is familiar with the coal fields of the 
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United States, the above mentioned hypothesis holds true and so 
he deems it worthy of presentation. 


RESUME. 

The general results of the present inquiry into the transforma- 
tion of vegetable matter into coal may be summarized as follows: 

1. The change from peat to lignite, lignite to bituminous 
coal, and bituminous coal to anthracite is a process of fractional 
distillation due to heat. 

2. The heat may be applied locally and with great intensity 
as in case of volcanic action, or it may be imperceptible but ap- 
plied throughout a long period of time. 

3. In the latter case the action is slow and of such low in- 
tensity that it is controlled largely by conditions which accelerate 
or retard the process. 

4. The principal condition controlling distillation of this char- 
acter is the porosity or impermeability of the rocks which per- 
mits.or retards the escape of the gases that are formed in the 
process. 

5. Porosity may be due, either to coarseness of grain or to 
fissures. Where great masses are involved the former has little 
or no effect as the rocks are practically impervious, therefore, the 
latter is the great controlling condition of coal metamorphism. 
Fissures are produced by joints and by cleavage, and where these 
are found the coal is in a high degree of carbonization; where 


they are absent it is changed only slightly from the original 
peaty condition. 














ORE DEPOSITION AND DEEP MINING. 
WALDEMAR LINDGREN. 


As men began to delve deep into the earth’s crust instead of 
confining themselves to the shallow diggings and mines of earlier 
times many deposits were found to diminish in size or value, or 
both, and the question of maintaining the world’s supply of useful 
metals came to be discussed with interest and sometimes with 
anxiety. 

The newly established science of ore deposits was called upon 
to elucidate the mode of deposition of ores and the probabilities 
of finding workable ores in depths below the ore bodies of the 
surface. The new science proceeded with faltering steps tenta- 
tively groping its way and leaning in turn on many hypotheses 
and theories, and if even now the answers which it gives are 
often hesitating and filled with doubt, we may perhaps be justified 
in saying that we do now, better than before, understand the 
mode of deposition of ores. How lacking our knowledge is, 
nevertheless, none appreciate more than those whose vocation it is 
to attempt the solution of these problems. 

A forecast of the probable distance of continuity of any deposit 
beyond the limit of empirical rules obtained by the observation of 
many similar ore bodies must of necessity be based on some 
hypothesis concerning its origin; this hypothesis we are able, in 
most cases, to advance to the standing of a theory and in fewer 
cases to the position of assured facts. 

Vital and preliminary questions are: Has the ore been de- 
posited together with the surrounding rock? Has it been in- 
troduced later from outside sources? Or has it been concen- 
trated to a workable deposit from minute quantities originally 
contained in the rock? The first case covers the sedimentary de- 
posits, like certain limonites, siderites and hematites which have 
been precipitated in lakes or seas. Their continuity, as a rule, 


depends on the extent of the basins suitable for deposition and 
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this is a matter which, especially in case of older rocks, may be 
very difficult or impossible to determine. They are often very 
extensive and when folded into steep positions may well be fol- 
lowed down to the greatest depth attainable by mining. They 
may be deeply eroded or covered by thousands of feet of sedi- 
ments without greatly changing their character. In other words 
depth below the surface has no direct relation to the extent and 
richness of the deposits. Few of these iron mines have as yet 
attained great depth for the quantity of easily accessible ores near 
the surface is as yet very considerable. 

Metamorphic processes may, however, have altered their 
original ores and in this case the depth may become an important 
factor. The deposits may have been buried to such a depth that 
heat and moisture have produced a change in the ores; rich mag- 
netites and specularites may result from lower grade limonites, 
and subsequent erosion has perhaps again brought the deposits 
close to the surface. Or local enrichment of the same kind may 
result. from the vicinity of hot intrusive rocks nearer to the sur- 
face, in which case the original character of the deposits may re- 
assert itself in depth. 

Again an enrichment may have been produced by descending 
surface waters as Professor Van Hise for instance maintains in 
the case of the Lake Superior hematite ores which he believes to 
have been derived from low grade sedimentary siderites. “ If 
the foregoing reasoning be correct,” he says, “the ore bodies 
can not be expected to extend beyond the depth to which the 
descending waters may bear oxygen, and precipitate iron oxide. 
Up to the present time all but an insignificant fraction of the ore 
has been taken from above the 1,000-foot level. Many ore de- 
posits before reaching that level have become smaller and poorer, 
and a number have been worked out. Two or three deposits 
have been sufficiently persistent so that they have been worked to 
the depth of 1,500 feet. I have no doubt that vastly more high- 
grade iron ore will be taken out in the Lake Superior region 
above the 1,000-foot level than below it. If this be true, iron 
ores of the Lake Superior region bearing more than 60 per cent. 
of metallic iron are not inexhaustible.” 
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Gold-placers may justly be classed among the sedimentary de- 
posits. Although of course the great majority of them are worked 
at the surface there is no limit, except that of cost and practic- 
able mining, to the depth at which they can be worked, for later 
deposits or volcanic eruptions may have buried them deeply, 
without changing their character. The Hidden Treasure gravel 
channel in Placer County is worked (by tunnel however) below 
over 1,000 feet of covering andesite tuffs and breccias. The 
Rutherglen gold bearing gravel leads of Victoria, Australia, are 
worked by shafts below 500 feet of sands and clays and the 
Loddon Valley leads in the same State underneath 400 feet of 
massive basalt flows. 

A small class of mineral deposits has been formed by separa- 
tion during the cooling of molten igneous rocks. Among mineral 
deposits of this kind are titaniferous magnetites, ilmenites, chro- 
mites, nickel-bearing pyrrhotites, finally tin ore or cassiterite, 
more rarely chalcopyrite. Gold and silver are as a rule absent 
from these deposits. The deposition is probably not greatly in- 
fluenced by the differences in the high pressure during the consoli- 
dation, and mining of the deposits could be carried to the greatest 
depth attainable by technical means, should the ore bodies prove 
continuous. In fact, pressure, in solidifying magmas, is favor- 
able to precipitation, contrary to its general action in aqueous 
solutions. This continuity could probably not be relied upon for 
smaller bodies, for instance cassiterite in pegmatite dikes, but 
many of these deposits, for instance the mass of titano-magnetite 
at Taberg in Sweden, are known to be of very great extent ver- 
tically as well as horizontally. 

Turning now to the large class of “ epigenetic ” deposits in 
which the metal is of later origin than the surrounding rock and 


has been introduced by agencies foreign to the rock itself the first 
division which should receive attention is that of the contact- 
metamorphic-deposits. In these the ores replace limestones or 
more rarely other sedimentary rocks; their substance is beyond 
reasonable doubt derived from metallic emanations from intrusive 
magmas and their occurrence is closely connected with the actual 
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contact with these intrusives, although they may extend for a 
couple of thousand feet away from the igneous rock. The de- 
posits which generally contain magnetite and chalcopyrite and 
which usually are poor in gold and silver were formed at a con- 
siderable distance below the surface, probably never less than one 
thousand feet and there is, as far as known, no other limit in the 
depth at which they can be formed except that the heat must not 
be so high as to fuse the sedimentary beds. The contact deposits 
are brought to the surface by erosion of the overlying rocks. 
Although cases may be easily conceived in which the deposits 
would continue in depth and length for several thousand feet it 
is far more common to find them irregular and spotted in their 
mineralization, so that while there is no genetic reason why they 
should not be continuous to the greatest depth attainable by min- 
ing they will as a matter of fact often give out when least ex- 
pected. Owing to the irregular surface of contact the finding of 
the continuation of lost ore bodies is often very difficult. Slight 
changes of composition and texture of the rocks influence their 
susceptibility to contact metamorphism to a very surprising de- 
gree. Few mines on contact deposits have been worked at a 
greater depth than a few hundred feet. Oxidizing surface 
waters may greatly enrich contact deposits of poor grade by the 
development of oxidized ores; this especially refers to copper de- 
posits although such oxidized ores rarely extend downward more 
than a few hundred feet at most and this only in very dry climates. 

If in connection with the contact deposits the Swedish magne- 
tites of the “skarn”’ type and the large pyritic deposits of the 
Agordo, Rammelsberg and Rio Tinto types are mentioned, it is 
done with full realization of the fact that their origin is still in 
most cases a mooted question. The former recall in many of 
their features the contact metamorphic deposits, perhaps formed 
at very great depth. The latter recall types of metasomatic de- 
posits with which the mining geologists of this country are 
familiar but which have as yet hardly received their just appre- 
ciation in Europe. The large pyritic mass of the Highland Boy 
mine in Bingham is a case in point. Mr. J. M. Boutwell has 
recently convincingly shown its metasomatic origin and pointed 
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out how well the replacement has preserved the original strati- 
fication structure of the limestone, so that a bedded structure of 
the ore is no longer a criterion of its sedimentary origin. 

A limited extent in depth seems characteristic of these classes 
of deposits. Few of the Swedish iron mines are very deep and 
the limits of the ore bodies are well known. Neither do we 
know many deep pyritic deposits of this class; 500 feet to 800 
feet seems to be the limit. This is no doubt rather due to the 
limited quantity of rock suitable for metasomatic replacement 
than to direct influence of temperature and pressure. 

Lastly, we turn to that great group of “ epigenetic ” deposits 
in which the ores have been deposited either by filling or replace- 
ment along fissures or other paths for underground waters. Not 
that it always is easy to separate these from certain types of the 
pyritic deposits, for the latter may form large bodies more or less 
directly connected with fissure veins. Or, again, the pyritic 
masses formed by replacement, may surround the fissure on both 
sides in porphyries, granite or limestones. This, again, some of 
our trans-Atlantic colleagues seem to find it difficult to fully ap- 
preciate. 

Concerning the genesis of fissure veins there are several views, 
discussion of which is unnecessary for the present purposes, since 
those now generally accepted agree that the metallic contents of 
these deposits have been deposited by ascending, hot solutions, 
in fact ascending hot springs, and most observers also agree that 
the metals were taken up in solution by the water at some point 
considerably below the point of precipitation. 

The fissure veins claim our attention among other things on 
account of being—directly, or indirectly by placers—the source 
of three fourths of the world’s production of gold. The remain- 
ing fourth being derived from the South African conglomerates 
the origin of which deposits seems as yet questionable and to a 
small extent from various other sources such as pyritic masses of 
doubtful origin, contact metamorphic deposits, etc. Fissure 
veins also furnish a large part, probably somewhat less than one- 
half of the copper production of the world and contribute largely 


to the production of lead, antimony, bismuth, tin and most of 
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the rarer metals. On the other hand they only yield an insigni- 
ficant percentage of the world’s output of iron. 

With the gold miner who has payable ore the most important 
question is: Will the ore go down? Does it get richer or 
poorer? And of answers to this there are many. 

Soon after deep mining began in Australia and California and 
it was found that very many veins which were rich at the sur- 
face turned poor at a relatively slight depth an opinion developed 
that the gold in the veins after all was a “ surface formation.” 
We understand now of course that this view was to some extent 
justified in that an enrichment by surface waters is the rule in 
the croppings of the majority of gold bearing veins and is 
especially prominent in dry climates. On the other hand it was 
not appreciated or understood that erosion had removed so much 
material that the present croppings might be thousands of feet 
below the point where the fissure reached the surface during the 
vein forming epoch. The matter is further complicated by the 


“cc 


normal occurrence of the payable ore in “ shoots,’”’ or elongated 
bodies, distinctly limited laterally and vertically, and by the fact 
that each vein may contain several of these, below each other, 
so that their discovery would be a question of more or less exten- 
sive exploration. 

We are now able to ascertain that the veins in certain dis- 
tricts were formed relatively closely to the surface. These veins 
usually cut through beds of volcanic rocks, relatively recent flows, 
the upper surface of which at the time of vein formation we can 
determine with more or less accuracy. Such are many of the 
veins of western Nevada, of the Hauraki peninsula in New Zea- 
land, of Owyhee county in Idaho, and of the San Juan and 
Cripple Creek regions in Colorado. 

In other parts of the world the veins inay intersect intrusive 
rocks, like diorite and granite, which we know to have consoli- 
dated at great depth and which were most probably once covered 
by heavy masses of just such lava flows as are referred to above. 
From geological studies we may know, with relative exactness, 
the date of vein formation which is likely to be remote compared 
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to the class of veins alluded to in the previous paragraph. Such 
are the veins of the Southern Appalachian States, of the gold 
belt of California, and of Australia. 

With these generalizations in mind we have a basis for com- 
parison of ore-values although additional data along the lines 
mentioned are much to be desired. Careful judgment of in- 
dividual cases is of course necessary for we may conceive sur- 
face lavas accumulated in such masses that in their lowest beds 
the veins would have the same depth from the surface as veins 
in intrusive and deeply eroded areas. It is also possible that in- 
trusive rocks may be injected to levels perhaps only one or two 
thousand feet below the surface. This has happened, for in- 
stance, in the San Juan region in Colorado. The vital point is 
the correct estimate of the amount of erosion which has taken 
place. 

Among the causes which produce ore precipitation from 
aqueous solutions the most generally advocated are (1) ming- 
ling with other waters, (2) reducing agents such as carbon or 
ferrous sulphate and (3) diminishing pressure and temperature. 
The last cause has been most freely advocated and often for 
cases of small differences of depth. I have shown elsewhere’ 
that altliough it is of great importance the argument must be ap- 
plied with much discrimination since actual observation shows 
that ore precipitation takes place within a very wide vertical 
range. If it can be shown, however, that ore deposition changes 
in depth, gradually and generally, that change must be due to 
pressure and temperature. 

A review of the veins which cut through surface lavas will 
show that many of them have been followed down for over a 
thousand feet from a point which was undoubtedly near the 
original surface. In the Silver City district a depth of over 
2,000 feet has been attained, in Cripple Creek 1,500 feet, and in 
the San Juan country, Colorado, at least one of the veins has 
actually been proved payable within a vertical range of 3,000 
feet. But in most cases the ore—which generally is of higher 


*“Nevada City and Grass Valley,” 17th Ann. Report, U. S. Geol. Survey, 
Part {1., p. 177. 
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value than in the deep gold-quartz mines in California—seems 
to decrease somewhat in quantity and value as the lowest levels 
are reached and in many cases the decrease is marked and con- 
spicuous. Extremely rich masses of ore—bonanzas—within 
moderate distance from the original surface are really character- 
istic of these veins and are frequently still further enriched by 
oxidation and the formation of secondary sulphides. 





A review of the veins which cut through large intrusive masses 
and their surrounding sedimentaries and whose upper parts have 
been removed by erosion leads to encouraging results especially 
with veins carrying free gold. First among them we should 
mention the veins and saddle reefs of Bendigo, Victoria, which 
have lately been opened at a maximum depth of 4,156 feet and 
proved payable, in part at least. But it is stated that below a 
vertical depth of 2,500 feet fewer ore bodies have been found 
than above that limit and that the deeper explorations have not 
as a whole proved economically successful. The amount of rock 
removed by erosion since vein formation in this district is very 
difficult to estimate. Some of the figures given by Australian 
geologists seem far too large but at any rate it must be at least 
3,000 feet, so that we may assume that deposition of free gold 
with quartz took place at least to a depth of 7,000 feet below the 
original surface. 

In the deep Ballarat quartz mines the grade and quantity of 
ore appears to decrease somewhat in depth, although they have 
scarcely attained a depth of 2,000 feet. 

Turning now to the California quartz mines in the foothills 
of the Sierra Nevada the latest results which as yet are little 
known beyond the State offer much encouragement to those who 
believe in deep mining. In Grass Valley ten years ago the out- 
look for the two principal mines, the North Star and the Empire, 
seemed doubtful; since then the former mine has found ore 
equally as rich as in upper levels down to a vertical depth of 1,600 
feet and 4,100 feet on the incline of the vein. 

The Empire has sunk its shaft to 3,160 feet on the incline 
(1,286 feet vertically) and it is recently stated in the press that 
the ore-shoot has been found on the 3,000-foot level... Many 
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years ago the Idaho mine in the same camp found some ore at a 
vertical depth of 2,200 feet, but the explorations were discon- 
tinued owing to the fact that the principal ore-shoot was located 
at a higher level and seemed far more inviting to follow. 

On the Mother Lode deep mining has principally been carried 
on in Amador and Calaveras Counties. The depths of some 
prominent mines at the present time (August, 1905) are as fol- 


lows: 

Incline. Vertical. 
Lincoln, 2,000 feet 1,766 feet. 
Baliol, 1,800 “ 
South Eureka, 100.“ 
Central Eureka, 2,300 feet 2,030 “ 
Oneida, 2200 
Kennedy, 2ab3° * 
Argonaut, 2,100 ~ 
Zeila, 1,200: -*" 
Gwin, 2,380 “ 


The Kennedy is now said to be stoping on the 2,700-foot 
level, the Central Eureka at depth from 1,900 to 2,000 feet, the 
Oneida below the 1,900-foot level, the Gwin below the 2,000-foot 
level. These very gratifying results have proved that at the 
depths indicated free gold ores are found of similar character 
to those occurring nearer to the surface, although the rich 
pocket bonanzas seem to be of less frequent occurrence in the 
deeper workings. The hope of finding payable ore at still 
greater depth has been greatly strengthened, and it may well de- 
scend to the deepest levels attainable by mining. On account: of 
increasing temperature this will perhaps not greatly exceed 5,000 
feet. The thickness of crust removed by erosion in the foot-hill 
region since vein formation is of course difficult to estimate with 
exactness but it may not exceed 3,000 feet. At any rate it seems 
certain that deposition of free gold ores in the California veins 
has proceeded at depths from the surface of about 6,000 feet. 

The gold deposits of the Southern Appalachian States offer 


‘ 


an example of deep “ roots” of veins; the amount of erosion 
from the croppings at the time of deposition doubtless greatly 


exceeds the figures given for Australia and California and still 


free gold ores have been found and followed in some cases to a 
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depth of over 1,000 feet. They are usually of very low grade 
although small shoots and pockets of ore occur which are fully 
as rich as anything found in California or Australia. 

It may therefore be confidently asserted that deposits of gold- 
quartz ores extend at least over a vertical range of 6,000 or 
7,000 feet. There is some evidence that the conditions for de- 
position grow less favorable as depth increases but the change 
takes place very slowly. The richest ores are those near to their 
original apex. Most of the deep mines in the Mother Lode 
region of California carry ores of comparatively low grade—$4 
to $8 per ton—and are only payable on account of the availability 
of cheap metallurgical processes. 








It should be clearly understood that in any district local causes 
may become operative depressing the value and decreasing the 
quantity of ores. Among the causes influencing ore deposition 
besides pressure and temperature should be mentioned the char- 
acter of the wall rock and the presence of cross fissures on which 
waters of different composition and temperature are moving. 
Enrichment is vervoften noted at such intersections and Professor 
Van Hise attributes the principal cause of ore-shoots to them; but 
it seems more probable that they are among the minor causes and 
they certainly seem to be most common in deposits formed short 
distances below the surface where such a mingling of circulating 
solutions frequently is apt to take place, and where, as has been 
pointed out above, local bonanzas are most likely to occur. The 
Cripple Creek district offers many examples of this. The large 
shoots and the deep ore bodies do nct seem to depend on such 
influences of cross veins. 

Temperature and pressure both increase as we descend into 
the earth’s crust and from what has been said before there must 
be a limit beyond which deposition of gold and silver ores does 
not readily take place. Possibly this limit lies near the critical 
point of water (+ 365° C. at a pressure of 200 atmospheres) 
which is not normally reached until depths of over 20,000 feet, 
but locally is often attained in the vicinity of igneous masses in- 
cluded in the uppermost part of the earth’s crust. Contact meta- 
morphic deposits are believed to be caused by the action of water 
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above the critical temperature in the close vicinity of intrusive 
masses. The small amount of gold and silver found in such de- 
posits as well as in pegmatite dikes which were formed at a still 
higher temperature seems to indicate that extremely high tempera- 
ture and pressure are unfavorable for deposition of these metals. 
On the other hand in such mineralized areas, gold and silver bear- 
ing veins may often be found at some distance from the contact 
zone, or in veins of a later date cutting across the intrusives and 
their cantact belt. This argument will of course most forcibly 
appeal to those who believe that the hot ascending waters and 
their principal metallic contents are derived from intrusive 
magmas. 

What takes place when descending surface waters have an op- 
portunity to act on the uppermost parts of veins, has been eluci- 
dated by such observers as Penrose, Van Hise, Emmons, Weed 
and others. Differences in temperature and pressure by increas- 
ing depth are here of little moment; instead the depth to which 
the surface waters can carry oxygen, and, closely connected with 
this, the stand of the water level, are the important points. 

Oxidation of the vein material in some cases involves enrich- 
ment, in others impoverishment but in the latter case the forma- 
tion of secondary sulphides of copper, silver and lead, about the 
water-level and underneath the impoverished zone, frequently is 
a compensating feature. In a few mines in New Mexico, Utah 
and Nevada the oxidized ore extends a little more than 1,000 
feet below the croppings. In the Butte mines, chalcocite—a 
secondary copper sulphide—is said to extend down to a depth of 
2,400 feet. But these cases are due to special and rare condi- 
tions. Where oxidized ore is mined we are as a rule justified in 





expecting a decrease in value when the primary ore is reached 
and where secondary sulphides form the principal valuable ores 
a sharp decrease in grade might be expected within a few 
hundred feet or less below the surface. The ores created by sur- 


face waters are due to very complex processes, and rapid changes 
may completely alter the character of the ores within a dis- 
tance of a few feet. For gold bearing veins the general rule 
of enrichment of the oxidized portion is based on reduction of 
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volume of ore by weathering of sulphides and on the liberation 
of the gold contained in them. Solution and transportation of 
gold seem to be processes of subordinate importance. Excep- 
tions to this rule occur and are due to special classes of ore. 
Thus in the telluride ores of Cripple Creek there is little differ- 
ence in value between oxidized and fresh ore, and similar condi- 
tions exist in the Waihi mine in New Zealand, although the 
fresh ore here contains sulphides. 

Disregarding these complex processes of oxidation we may 
concisely formulate the general result that ores deposited by as- 
cending hot waters are much more likely to show a decrease than 
an increase in value when developed by deep mining. This de- 
crease is likely to be rapid near the original apex of the veins 
but below this it is in most cases very slow, extending over a 
vertical range of many thousand feet. This general decrease is 
most probably a function of pressure and temperature. Varia- 
tions in value of the ore within a moderate vertical distance as 
well as the general form of the shoots are most probably due to 
special causes such as the physical character of the fissures and 
the precipitating power of certain wall rocks or solutions of dif- 
ferent kinds encountered by the ascending waters. 

The action of solids on liquids containing their constituents 
is another feature of importance for the explanation of ore-shoots. 
If some local cause starts precipitation at one point, this pre- 
cipitated substance acts as an incentive to further precipitation. 
If gold-bearing sulphides have separated from the solution their 
presence will induce deposition of more minerals of the same 
kind. 

Consideration of Lake Superior copper deposits and South 
African gold-bearing conglomerates has been” deferred to the 
last, for, although both have been proved by workings and 
diamond drills to extend to a depth of 5,000 feet from the sur- 
face, scientific opinion is by no means agreed as to their genesis. 
The two classes offer some striking similarities: Both carry na- 
tive metals in the cementing material of conglomerates and in 
both the ore bodies are unusually ‘arge and persistent. 

In Michigan, the copper, occurring in volcanic conglomerates 
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or in old surface flows, has been mined successfully to a depth 
of 5,000 feet. Some observers, for instance, Professor Van 
Hise, believe that the metal has been deposited by ascending 
waters and that we consequently have here an example of slight 
influence of pressure and temperature. On the other hand, Dr. 
A. C. Lane thinks it more probable that the copper was contained 
in the beds of basic lavas with which the deposits are associated 
and that we have simply a case of local concentration and meta- 
somatism. 

In the South African banket deposits extensive ore bodies have 
been followed down below 2,000 feet by mining and proved to 
continue to vertical depths of 5,000 feet by drilling observations, 
although, of course, the actual amount of payable ore at those 
depths has not as yet been demonstrated. The ores are of low 
grade, averaging perhaps $7 or $8 per ton. Whether an actual 
decrease in value has taken place from the surface to the deepest 
present workings does not seem to be positively ascertained. 
Contradictory statements are found and it is possible that the 
somewhat lower grade mined now simply indicates an adjust- 
ment owing to better mining and milling; at any rate the de- 
crease, if it exists, is small. 

The Rand has been a fertile field for speculation and genetic 
theories. Marine precipitation, detrital origin and deposition by 
ascending solutions have been advanced with varying success, but 
at the present time the last view seems decidedly the most reason- 
able. The erosion has probably removed a great thickness of 
rocks, which at the time of the formation of the deposits rested 
on the present outcrops. If this is correct the Rand would offer 
another instance of deposition of low grade ore bodies by ascend- 
ing solutions and would confirm the result reached above as to 
the very slow rate of increase in precipitation of gold from 


ascending solutions by decreasing pressure and temperature. 
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GENESIS OF LAKE SUPERIOR IRON ORES.! 
CHARLES KENNETH LEITH. 


The iron-ores of the Lake Superior region occur as concen- 
trations in “ iron-formations,”’ ranging from a few hundred to 
1,000 feet or more in thickness. These formations in their 
present form represent the alterations of chemically deposited 
sediments, for the most part interbedded with normal clastic sedi- 
ments, such as slate and quartzite. 

In the Vermilion and Michipicoten districts the productive 
iron-formation is in the Keewatin series of the Archean group. 
In the Mesabi and Gogebic districts the iron-formation is a part 
of the Upper ‘Huronian series. In the Marquette district two 
productive iron-formations are present, one in the Middle 
Huronian and another in the Upper Huronian, the former being 
the more important. In the Crystal Falls district the iron- 
formation is in both Upper Huronian and Lower Huronian 
series, the former being the principal producer. In the Meno- 
minee district the formation is of Upper Huronian age. 

The iron-formations of the different districts and ages are 
surprisingly similar in their general characters. Indeed, it was 
long assumed, erroneously, that because of their similarity they 
must be of the same age and origin. They may then be described 
as a unit. 

The iron-formation consists mainly of chert, or quartz, and 
ferric oxide, segregated in bands or shoots or irregularly mingled. 

* Published by permission of the Director of the United States Geological 
Survey. [This paper is largely a summary of conclusions which have been 
presented in detail in United States Geological Survey Monographs Nos. 109, 
28, 36, 43, 45, 46 and 47 and the Twenty-First Annual Report by R. D. Irving 
and C. R. Van Hise, or under Dr. Van Hise’s direction by W. S. Bayley, 
J. Morgan Clements, H. L. Smyth, C. K. Leith and others. It covers also 
work done since the publication of these reports. The general geology of the 
ores and ore-bearing series is summarized by the writer in Vol. XXXVI. of 


the Transactions of the American Institute of Mining Engineers. Parts of 
that summary are quoted in the present paper.] 
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Where in bands, with the quartz layers colored red and the rock 
highly crystalline, it is called jasper. Where less crystalline and 
either in bands or irregularly intermingled, the rock is known 
as ferruginous chert. In the Mesabi district the local name 
“taconite ” is applied to the ferruginous chert. Other phases of 
the iron-formation, subordinate in quantity though not in im- 
portance, are (1) ordinary clay slates, showing every possible 
gradation through ferruginous slate into ferruginous chert; (2) 
paint-rocks, altered equivalents of the slates; (3) amphibole- 
magnetite schists; (4) cherty iron carbonate (siderite) and 
hydrous ferrous silicate (greenalite); (5) the iron-ores them- 
selves. 

It may be emphasized that almost the entire bulk of the iron- 
formation now consists of iron oxide and silica, with carbonates 
and alumina present in subordinate quantity. The varying com- 
bination of parts or all of these constituents, mechanically, or 
chemically, or both, gives all of the rock types above listed. 


THE ORIGINAL ROCKS. 


It has been shown that the ferruginous cherts, jaspers, amphi- 
bole-magnetite schists, and iron-ores of the iron-formation re- 
sult from the alteration either of the cherty iron carbonate or of 
ferrous siliciate (greenalite), or, to a minute extent, from iron 
sulphide. The small amounts of iron carbonate or ferrous 
silicate now found in the formations represent mere remnants 
left unaltered where so protected by other rocks as not to have 
been affected by altering agents. The evidence of the derivation 
of the iron-ores and associated cherts and jaspers from the iron 
carbonates and iron silicates is summarized on another page. 

In the Marquette, Gogebic, Vermilion and Crystal Falls dis- 
tricts, the original rock has been described as iron carbonate. In 
the Mesabi district, the original rock has been described as con- 


‘ 


sisting of ferrous silicate or “ greenalite”’ granules principally, 


but with subordinate amounts of iron carbonate. In the Felch 


Mountain and Republic areas, the presence of granules similar 
to the Mesabi granules has been noted. In the Menominee dis- 
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trict, both iron carbonate and silicate granules have been supposed 
to yield the ore. 

The vast scale on which the alteration of ferrous silicate 
granules has occurred in the Mesabi district, together with the 
evidence of the somewhat wide-spread distribution of such 
granules in unknown but small quantity, has led to a re-exami- 
nation of the ores and rocks of the remaining districts, with the 
result that evidence of the prior existence of granules has been 
found also in both the Gogebic and Crystal Falls districts. So 
far as the re-examination has gone, however, it tends to confirm 
the essential correctness of the determination of iron carbonate as 
the dominant original iron-formation rock for these districts. 

In the new Animikie iron-range, on the northwest coast of 
Lake Superior, the eastern continuation of the Mesabi range, 
original and secondary iron carbonate and pseudomorphs after 
greenalite are found so well exposed and so closely associated in 
distribution that it is hoped that the study of this district now 
in progress may furnish decisive evidence of the real relations of 
these two substances. 

The origin of the iron carbonate and greenalite rocks is partly 
known. Both the iron carbonates and the greenalites (and their 
altered equivalents) constitute a conformable part of a continuous 
sedimentary succession, being interbedded and conformably over- 
lain or underlain by fragmental rocks, such as quartzite and slate. 
They are themselves bedded. It is impossible to escape the con- 
clusion that they are water-deposited sediments. It is further 
clear that they are not water-deposited sediments of an ordinary 
nature. They are not fragmental; their nearest analogues are 
chemical sediments, such as limestones. 

From here on in our explanation we must depend rather upon 
analogy with chemical sediments, such as limestone, and with 
iron compounds now being precipitated in bogs and lakes and 
elsewhere, than upon direct evidence in the formation itself. On 
this basis the history of the development of these rocks, as out- 
lined by Van Hise,’ is as follows: 


*“Tron-Ore Deposits of the Lake Superior Region,” by C. R. Van Hise, 
Twenty-first Annual Report U. S. Geological Survey, Part III., pp. 305-434. 
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It is . . . my belief that the iron for the iron-bearing formations was 
largely derived from the more ancient basic volcanic rocks of the Lake Superior 
region. When the individual districts are taken up it will be seen that a green- 
stone, often ellipsoidal, in many places porous and amygdaloidal, in many places 
schistose, and rich in iron, is the most characteristic rock of the Archean, and 
that similar rocks occur abundantly in the Huronian. Where these igneous 
rocks were adjacent to the seas they would be leached by the underground-water 
and the iron transported to the adjacent seas. It is probable that to some extent 
this leaching process also went on below the waters of the sea. The iron was 
probably transported to the water mainly as carbonate, but to some extent as 
sulphate. The carbonate would there be thrown down by oxidation and hydra- 
tion as limonite, and the sulphate in part as basic ferric sulphate. Much of the 
sulphate was probably directly precipitated as sulphide by the organic material. 
The limonite would be mingled with the organic matter which was undoubtedly 
present, as shown by the associated carbonaceous and graphitic shales and slates. 
When deeply buried the organic matter would reduce the iron sesquioxide to 
iron protoxide. By the simultaneous decomposition of the organic matter carbon 
dioxide would be produced, which would unite with much of the protoxide of 
iron, producing iron carbonate. The sulphate of the basic ferrous sulphate 
would be reduced to the sulphide by the organic material, thus producing the 
pyritic carbonates. Where the iron was brought to the water mainly as sul- 
phate the direct reduction of this salt by organic matter would form iron sul- 
phide with little or no carbonate. Simultaneously with the production of these 
substances chert was formed, probably through the influence of organisms." 

*“ The Penokee Iron-Bearing Series of Michigan and Wisconsin,” by R. D. 
Irving and C. R. Van Hise. Mon. U.S. Geol. Survey No. 19, 1892, pp. 246-253. 

Some of this silica would unite with a part of the protoxide, producing 
ferrous silicate. More or less mechanical sediment would also be laid down. 
Thus the original rocks—the cherty iron carbonates, the ferrous silicate rocks, 
and the pyritic cherts—would be produced. 

It has chanced that at three different periods in the history of the Lake 
Superior region, these processes of the development of the original rocks of the 
iron-bearing formations have occurred extensively. While this might at first 
be thought remarkable, there is no good reason for thus regarding it. At 
some time during each of the Archean, Lower Huronian and Upper Huronian 
periods the quiescent conditions of chemical and organic sedimentation have 
occurred, and since the iron-bearing volcanic rocks were each time available 
for the work of underground-waters and sea waters, naturally iron carbonate 
and the other original rocks have been produced. In each period the source 
of the material and the process of its formation were essentially the same. 


In a monograph on the Mesabi district the writer tentatively 
followed this explanation, but recognized the possibility of or- 
ganic agencies having taken part in the development of the 
greenalite granules." Spurr had previously concluded them to 
be entirely of organic origin.? (See p. 64.) 


1“ The Mesabi Iron-Bearing District of Minnesota,” by C. K. Leith. Mon. 
U. S. Geol. Survey No. 43, 1903. 

2“ The Mesabi Iron-Bearing Rocks,” by J. E. Spurr, Bull. Geol. and Nat. 
Hist. Survey of Minn., No. X., 1894. 
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ALTERATION OF ORIGINAL ROCKS TO IRON-ORES, CHERTS, 
JASPERS AND OTHER ROCKS. 

This has consisted broadly, first, in the oxidation of the fer- 
rous iron and recrystallization of the chert of the original rocks 
under surface conditions through the agency of meteoric waters 
and, second, in the partial oxidation, silication and recrystalliza- 
tion of both original and weathered products under the anamor- 
phic conditions of deep burial or igneous associations. The 
chemistry of the changes is summarized in Table I. They have 
been begun or completed in one district or horizon before they 
have been begun in another. 

The alteration of the iron-formation, resulting in the concen- 
tration of the iron-ores or in the development of ferruginous 
cherts and jaspers and amphibole-schists, has taken place in 
different geological periods under various conditions, with a re- 
sult that the ores of each of the districts, as weil as of different 
parts of the same district, show considerable lithological variety. 
The same ingredients—iron oxide and silica 





appear here me- 
chanically combined as highly crystalline jasper, there as a soft 
ferruginous chert, or both mechanically and chemically com- 
bined as an amphibole-magnetite schist. The iron-oxide may 
appear here as a brilliant specular hematite or magnetite, and 
there as a soft granular hematite or limonite. The ores of the 
Mesabi district are soft and granular and associated with fer- 
ruginous cherts. At the east end they become amphibolitic, mag- 
netitic and non-productive. The ores of the Gogebic district are 
of a similar nature and become amphibolitic, magnetitic and non- 
productive at both the east and west ends of the district. The 
ores of the Vermilion district are hard, blue and red ores,—at 
Ely, brecciated, associated with jaspers. The ores of the Mar- 
quette district comprise hard blue ores and brilliant specular ores 
associated with jaspers, called “ hard-ore jaspers”’; soft ores as- 


, 


sociated with ferruginous cherts, or “ soft-ore jaspers ” ; and with 
underlying slates, and at the west end of the district magnetite 
and specular hematite ores associated with jaspers and with 


amphibole-magnetite rocks. 
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Without going into the variable conditions in the several dis- 
tricts and the varying geological history of the different ores 
and rocks, it may be said that, so far as the alteration of the 
iron-formation has proceeded continuously under the influence 
of surface-waters without interruption by igneous activity or 
orogenic movements, the soft ores and ferruginous cherts have 
resulted. So far as these have been subsequently under deep- 
seated conditions of alteration, they have become dehydrated into 
hard red and blue specular ores and brilliant jaspers. This 
phase of the alteration did not require the agency of surface 
oxidizing-waters. So far as the alteration of the original iron- 
formation took place within the sphere of influence of great in- 
trusive masses where the waters were heated and oxygen was 
not abundant, or under similar conditions developed by deep 
burial and orogenic movement, the iron oxide and silica of the 
formation combined, with small amounts of other substances, to 
form ferrous silicates, and the ferrous iron was oxidized to 
magnetite, making one of the variety of rocks usually described 
as amphibole-magnetite schists. 

An account of the development of the iron ores of the Mar- 
quette district will illustrate the complexity of the factors which 
have determined the present variety of iron formation material. 
The Marquette iron ores belong to five geological horizons. In 
the lower a id middle parts of the Negaunee formation (Middle 
Huronian) the ore is principally a soft hydrated hematite asso- 
ciated with ferruginous cherts or “soft ore jaspers.” In the 
upper part of the Negaunee formation the ore is largely a crystal- 
line hematite, sometimes specular and magnetic, associated with 
hard crystalline jasper or “ hard ore jasper,” differing from the 
ferruginous chert simply in being recrystallized and dehydrated. 
At the contact of the Negaunee formation with the overlying 
Goodrich quartzite (Upper Huronian) is again hard hematite 
associated with jasper. This includes the altered conglomeratic 
base of the Upper Huronian series: The ore bodies at this 
horizon are so intimately related to both Upper Huronian and 
Lower Huronian series as to weld them together. In the Bessie 
iron formation at or near the base of the Michigamme slate 
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ORIGINAL ROCKS. 










The original rocks from which the iron ores have 
developed were deposited in sedimentary “iron form- 
ations” (in general in rather massive beds, but in 

part slaty), the iron of which was probably derived 
largely from the more ancient basic volcanic rocks 
of the Lake Superior region. The iron formations 
are underlain and overlain by sedimentary formations 
which are relatively impervious to water, such as 

quartzite and slate ; also in part by Keweenawan 

gabbro. They are cut by intrusive rocks of various 
kinds, and characteristically folded and metamor- 
phosed. 


CHERTY IRON CARBONATE. 



















TABLE I.—Origin and Development dlyon-Ores of the 


CHEMICAL ALTERATIONS. 


CO, liberated 

FeO uniting with SiO,, and producing- 
Grunerite (FeO. SiO,) 
Fayalite (2FeO. SiO,) 


Cummingtonite (FeMg)SiO, 


Chrysolite (MgFe),SiO, 
Hornblende chiefly Ca(MgFe),Si,O, 
Actinolite (CaMgFe)SiO, 


FeO partially oxidized, and producing — 
Magnetite (FeO. Fe,O,) (This occurs exten- 
sively where iron formation has been affected 
by Keweenawan gabbro intrusion). 

Where FeS, (pyrite) is originally present in abund- — 


e 





x ance, pyrite is found in resulting rocks, 





Locality. 


(FeCO,, with CaCO,, and SiO) 





Partial oxidation of 











Age. 
Vermillion District, Minn Archean. 
Michipicoten Ontario. x 
Marquette Mich. Algonkian—Lower Huron, 
Penokee-Gogebic “ Wis. and Mich, Upper 
Menominee Mich. K 
Crystal Falls, sd 


ferrous iron; forma- 
tion of silicates; and 
removal of carbon di- 
oxide 











FERROUS SILICATE ROCK. 


(FeSiO,nH,O, with Mg and other impurities). 








esti District, Minn. 


Algonkian-Upper Huron, 









PYRITIC CARBONATE ROCK. 


(FeS, disseminated through carbonate iron formation 


of very subordinate importance), 


Oxidation of fer- 
rous iron; separation 
of silica ; and removal 
of carbon dioxide. 









Vermillion District, Minn. 


Archean. 
Michipicoten District, Ontario. 
























(1. CHERTY IRON CARBONATE.  ) 
(1) 2FeCO,+Si0,+0+4+nH,O= 
Fe,0,nH,O+SiO,+4 2CO, 
(2) 2FeCO,+Si0,+0+nH,O= 
Fe,0,+SiO,+2CO,+nH,O 
(3) 5FeCO,+Si0,+ 20+nH,O= 
Fe,O, + Fe,O,+SiO, + 5CO,4+nH,O 
II. FERROUS SILICATE ROCK. 
FeSiO,nH,0+CO,+nH,O= 
FeCO,+H,SiO,+nH,O 
2FeCO,+0+nH,O= 
Fe,O,nH,O+2CO, 
Also reactions analogous to (2) and (3) 
above. 


III. PYRITIC CARBONATE ROCKS. 
FeCO,+ FeS,+SiO,+60+nH,O= 
Fe,O,.nH,0+SiO,+2S0,+CO, 

[ Also reactions analogous to (2) and (3) 








above 


Fe, Mg, Ca, efc., uniting with SiO,, and producing — 








‘ ae ‘ oe es 
(Prepared for U. S. Geological Survey exhibit at the St. Louisiposition by C. R. V 
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velopment ilyon-Ores of the Lake Superior Region. 
t the St. Louisfsiton by C. R. Van Hise, C. K. Leith and W. N. Smith.) 
RESULTING PRODUCTS. 


AMPHIBOLITIC-MAGNETITIC ROCKS. 
PYROXENIC.CHRYSOLITIC-MAGNETITIC ROCKS. 


JASPILITE—* Hard Ore Jasper ' 
(Produced by dehydration and recry- 
stallization of ferruginous cherts and 
ferruginous slates probably under con- 


ditions of deep burial, dynamic action, 
or igneous intrusion.) 


-_ 









(DETRITAL IRON ORES. 

(Formed by breaking up through wave 
action of pre-existing ores or ferrugin- 
ous cherts and jaspers, in the latter 
case often involving concentration by 
assorting, by leaching out of silica, 
and by subsequent enrichment.) 








(FERRUGINOUS CHERTS 


(Produced by alteration of more mas- 


sive bedded phases of iron formation.) Detrital ore (conglomerate ore) s1om 


base of Upper Huronian. Sediment 
formed from pre-existing ferruginous 
chert or jasper which has been subse- 
quently desilicified and enriched. 


1 From Cherty Iron Carbonate. (‘* Soft 
Ore Jasper.”) + 
Il From Ferrous Silicate Rock 
(** Taconite.”’) Detrital ore from Menominee district, 
Mich., from base of Upper Huronian. 
Sediment formed directly from pre- 
existing ores 


FERRUGINOUS SLATES. 


(Produced by alteration of slaty phases 


& of iron formation.) 





Detrital ore from Menominee district, 
Mich., from base of Cambrian. Pro- 
duced by breaking up of pre-exisung 


ores 
se 





(RON ORES, HARD ) 
Produced by further metamor- 

phism of the soft ores and fer- 
ruginous cherts by processes 
which include dehydration, 
desilicification, and enrichment 
by infiltration, probably under 
conditions of deep burial, dy- 
namic action, or igneous in- 
trusion, or any combination of 


las them. 


Blue non-hydrated hematite. 
Red non-hydrated hematite. 
Micaceous or specular non- 
hydrated hematite. 
Magnetite 
MARTITE. 


Produced under weathering 
conditions by oxidation of 


& magnetite to hematite. 


IRON ORES, SOFT. 
Soft Hydrated Hematite or Limonite. 
Hard Hydrated Hematite. 
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(Upper Huronian) the ore is again principally a soft hydrated 
hematite associated with ferruginous cherts and ferruginous 
slates. 

Small amounts of iron carbonate may be observed at these 
horizons with such structural and petrographic relations to 
the other phases of the iron formation as to lead to the be- 
lief. that they constitute remnants which, because of their 
positions, have escaped alteration; that iron carbonate originally 
constituted the major part of the iron formation for that horizon, 
and that subsequent alteration has yielded the other phases of 
the formation. 

The Negaunee iron-formation was deposited principally as an 
iron carbonate, a chemical sediment—conformably underlain, in- 
terbedded and perhaps overlain by mud or other mechanical sedi- 
ments. 

When the formation emerged from the sea and was exposed 
to erosion, weathering agencies developed soft hydrated hema- 
tites and ferruginous cherts from the parts of the iron carbonate 
exposed. ‘This alteration was a surficial phenomenon which, be- 
cause of the low angle of the erosion plane to the bedding, 
affected more largely the upper horizons of the Negaunee forma- 
tion than the lower horizons. The carbonate of the unexposed 
parts remained unaltered. 

The Negaunee land area was . :bmerged by the Upper Hu- 
ronian sea and the Upper Huronian sediments laid down on it, 
beginning with the detrital iron-ore and ferruginous chert derived 
from the Negaunee formation below. Later, when the deposition 
of the mud of the Michigamme formation had begun, iron carbon- 
ate of the Bessie formation was deposited, which was in turn 
accompanied with and overlaid by mud. 

Uplift, folding, and intrusion of basic igneous rocks which ac- 
companied and followed sedimentation, furnished conditions of 
anamorphism such that the soft ores and cherts which had been 
previously formed during the inter-Huronian period of erosion 
were dehydrated and recrystallized into hard hematites, in part 
specular and magnetic, and the associated ferruginous cherts 
were recrystallized and dehydrated into brilliant red jaspilites. 
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The unaltered iron carbonates were for the most part not 
changed, but where the anamorphic conditions were intense, as in 
the western part of the district, the carbonates were altered to 
amphibole-magnetite rocks, a change involving the partial oxida- 
tion of the ferrous iron into magnetite, the combination of fer- 
rous iron and subordinate constituents with the silica to form 
amphibole, the pronounced recrystallization of the remaining 
chert, and local development of garnet. Contemporaneous con- 
centration of the ferric oxide may also have occurred. 

At this stage the iron-formations consisted of unaltered iron 
carbonate, constituting most of the lower part of the Negaunee 
and Bessie formations, crystalline hematites and jaspilites of the 
upper horizon of the Negaunee and at the contact of the 
Negaunee and Goodrich formations, and amphibole-magnetite 
rocks on the same horizon at the west end of the district. 

All of the Negaunee, Goodrich and Bessie iron-formation rocks 
were subsequently exposed to weathering by. erosion, assigned to 
post-Keweenawan time. Then the iron carbonates in the lower 
part of the Negaunee formation and of the Bessie formation, 
which had before escaped alteration, were for the first time 
reached by surface erosion and underwent katamorphism normal 
to weathering conditions, developing soft ores and ferruginous 
cherts. The hard iron ores, jaspers and magnetite rocks of the 
upper part of the Negaunee formation and of the contact between 
the Negaunee and Goodrich formations were relatively un- 
affected, but the magnetite was locally changed to martite; gar- 
nets, developed during the preceding anamorphic conditions, were 
katamorphosed to chlorite; and silica was leached out, thus en- 
riching the ores. The enrichment of the ores by the leaching 
out of silica is strikingly apparent in the detrital ores at the base 
of the Goodrich formation, where on the weathered surface chert 
and jasper pebbles have been partly or wholly removed, leaving 
pits, while an inch or so from the surface these substances re- 
main. 

With the close of the pre-Cambrian, the ores were largely as 
we now find them, but concentration has been going on since 
through the transportation and deposition of the iron salts in 
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solution and the leaching out of silica, except when the district 
may have been buried under formations which have since been 
removed. 


WATER THE AGENT OF ALTERATION OF THE IRON- 
BEARING ROCKS. 

The medium of the alteration is water, coming more or less 
directly from the surface, carrying oxygen and carbon dioxide. 
The concentration of the ores has been found to occur where 
such waters have been converged. Various factors have de- 
termined this convergence—fracturing and brecciation of the 
iron-formation, existence of impervious layers in such attitudes 
as either to converge waters coming from above or to impound 
the waters and deflect their course between two layers. The 
presence of an impervious layer forming a pitching-trough is 
perhaps the most conspicuous structural feature determining the 
convergence of waters concentrating the ores. The impervious 
troughs consist, in the Mesabi district, of slate or paint-rock 
layers within the formation itself; in the Vermilion district, 
of greenstone with which the iron-formation is infolded or 
interbedded; in the Penokee-Gogebic district, of diorite dikes 
intersecting a foot-wall quartzite; in the Marquette district, of 
a greenstone intrusive into the iron-formation, or of a slate 
underlying the iron-formation; in the Menominee district, of 
dolomite underlying the iron-formation or of slate layers within 
the formation itself. In all these districts, except the Mesabi, 
the presence of this impervious basement seems to be clearly the 
controlling factor in the convergence of waters which have con- 
centrated the ores. 

In the Mesabi district, also, impervious troughs may be im- 
portant, but they probably are subordinate to, or, at least, not 
more important than, other factors.. The iron-formation and 
its associated rocks lie in beds on the south slope of the Giant’s 
range, and dip off gently to the south at angles averaging from 
8° to 10°. In addition to the general southward tilting of the 
beds, they are gently flexed into folds with axes transverse to 
the trend of the range. Waters falling on the south slope of 
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the Giant’s range, and flowing to the south, enter the eroded 
edges of the iron-formation and continue their way down along 
its layers, some of which are pervious and some of which are 
slaty and comparatively impervious to water. The flow thus 
tends to become concentrated along the axes of the synclines 
which pitch gently to the southward. Such synclines are not 
necessarily surface-troughs. They are evidenced by the attitude 
of the layers of the iron-formation, and may not be apparent in 
the unequally-eroded rock-surface or at the surface of the irregu- 
lar covering of glacial draft. The concentration of the flow 
along the synclines in the layers of the iron-formation seems so 
simple and evident that there is a temptation to generalize and 
say that the underground circulation has probably concentrated 
the ores along these broad synclines. When the district was 
first examined by the U. S. Geological Survey this simple ex- 
planation was applied. But further study shows that other 
factors modify the circulation of water and the localization of the 
ore, and that these secondary factors may be locally dominant. 
The most important of these modifying factors is the fractur- 
ing of the iron-formation which has furnished numerous trunk- 
channels for the circulation of underground-waters. The water 
has been confined to narrow, irregular and most devious trunk- 
channels formed by the fracturing of the iron-formation, and, 
white it has probably followed the fracture-openings along 
synclines to a greater extent than along anticlines, it has not 
filled the entire syncline formed by the folding of the iron- 
formation. The result is that the ores have developed along 
irregular areas within the synclines. They may occupy a con- 
siderable part of the syncline, in which case the synclinal struc- 
ture of the iron-formation may be observed in the layers of 
wall-rock adjacent to the ores. In other cases, they occupy so 
small a proportion of the syncline that the layers of the iron- 
formation in the adjacent wall-rock give no indication of syn- 
clinal dips. Not infrequently several more or less independent 
deposits may have developed in the same general syncline, as, for 
instance, in the area adjacent to the town of Virginia. To put 
it briefly, the ores show such position, irregularity, extent, and 
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relations to wall-rocks as to make applicable the expression some- 
times heard in the district that the ores have developed through 
the “ rotting 


? 


of the iron-formation along fractures, usually, 
but not always, in broad synclinal areas. 

Other factors modifying the general underground-flow of 
water in the Mesabi iron-formation are the numerous impervi- 
ous slaty layers within the iron-formation, and the Virginia slate 
capping the iron-formation of the south. So far as the water 
is free to flow southward through the iron-formation, the 
impervious layers serve only to limit the flow below. But the 
continuous south dip of the impervious strata carries the waters 
down to a point when the ground is saturated and the waters 
are ponded between impervious layers above and below. That 
ponding actually occurs is shown by the fact that drill-holes 
penetrating the slates and entering the iron-formation sometimes 
meet water under pressure, indicating artesian conditions. When 
ponded, the water seeks the lowest point of escape, which is lilely 
to be found near the north margin of the slate-layers. ‘The 
movement of water towards the lowest point of escape causes a 
considerable lateral movement in the circulation, and this lateral 
movement has probably, at least in part, controlled the shape of 
certain deposits on the range which have their longer dimen- 
sions parallel to the strike of the layers of the iron-formation. 

The ponding of the water and consequent overflow has still 
another effect. Where ponded the flow is governed by the point 
of lowest escape rather than by the shape of the impervious base- 
ment. When water is drawn off at the edge of a basin, the flow 
is greatest near the point of escape and diminishes in all direc- 
tions away from that point. This statement is true, whether 
the bottom of the basin is flat or fluted; hence, in the Mesabi 
iron-formation, where the water is ponded, the flow is concen- 
trated near the point of lowest escape regardless of whether this 
be over a syncline or anticline so far as both are below water- 
level. The lowest point of escape is likely to be over synclines, 
but the surface erosion, both by glacial and meteoric agencies, has 
been so uneven that this is not always the case. For this reason 
it is not certain that iron-ore deposits near the edge of the Vir- 
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ginia slate or near the edge of interstratified slate-layers may not 
have developed along arches as well as in synclines of the iron- 
formation. 

The above facts are intimately related to the problem of finding 
ore under the solid black Virginia slate. The question is fre- 
quently asked, is there any reason why ore shall not be found 
under the black slate? The absence of ore under the slate has 
not been demonstrated by actual drilling; only a comparatively 
few holes have penetrated any considerable thickness of the 
Virginia slate and entered the iron-formation below. Yet such 
holes as have been put down have revealed ore only near the 
slate-margin and frequently of low-grade. In several cases, the 
iron-formation beneath the slate has been shown to be of a green, 
unaltered variety, indicating that the alteration necessary for the 
development of ore-deposits has not gone far. If the develop- 
ment of the ore is dependent upon a vigorous circulation, and this 
vigorous circulation is lacking under the Virginia slate because 
of the ponding, we may have here an adequate cause for the non- 
existence of ore-deposits under the black slate. Yet, further 
work may show that other factors have entered, and, consider- 
ing the extent and value of the new iron-bearing territory which 
would be thrown open were ore found under the Virginia slate, 
more actual drilling seems advisable to settle the question. 

In the Gogebic district, while the impervious basement has 
been the controlling factor in the concentration of waters, and con- 
sequently of the ores, faulting through the dikes has afforded free 
passages of which advantage has been taken by circulating waters, 
with the result that the ores follow such faulting-planes and are 
not uniformly confined to positions on the impervious troughs. 

For all of the districts except the Mesabi, the vertical element 
in the distribution of the ores is an important one. In the Mesabi 
district the horizontal element is the greatest one in most cases. 
Here, a single ore-body or a group of ore-deposits may give 
practically a continuous surface of iron-ore for several miles, with 
a depth ranging from a few feet to 400 feet or more. In the 
other ranges a depth of ore of 1,000 feet is common and 2,000 
feet has been exceptionally reached. It is not unlikely that in 
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some places, particularly the Gogebic district, the ores will be 
found to greater depth, although the lower limit is well deter- 
mined for the most part. Theoretically, the lower limit of the 
ore-bodies ought to be the lower limit of the active circulation 
of oxidizing waters from the surface. In the Mesabi district the 
proportion of the area of the ore-bodies appearing at the rock- 
surface to that of the iron-formation as a whole is perhaps 8 per 
cent. for the productive part of the district and 5 per cent. for 
the entire district. For the other districts of the Lake Superior 
region, the area of the iron-ore deposits is far less than this per- 
centage of the area of the iron-formation as a whole. In bulk, 
the percentage of ores to the iron-formation is much smaller 
throughout the Lake Superior country, for it will be remembered 
that the ores are essentially surface alterations and are well rep- 
resented at the surface. 


TOPOGRAPHIC RELATIONS OF THE ORES. 


With very few exceptions, the ore-deposits of the Lake Su- 
perior region lie either on the slopes or at the foot of conspicuous 
ranges or hills. This has been explained by Van Hise as due 
to the concentration of ores through the circulation of ground- 
waters. Topographic elevations have given the waters sufficient 
head to search the ground on their slopes and perhaps at the base 
of the slopes. On the slopes the movement of the water is 
largely downward and more or less direct from the surface, thus 
carrying an abundance of altering agents, particularly oxygen 
and carbon dioxide, while in intervening low-lying areas the 
waters escape with a lateral and upward movement after a longer 
underground-journey, during which they have lost considerable 
proportions of the agents altering the iron-formation to ores. 
Van Hise has held that, in the latter positions, the ores have not de- 
veloped so abundantly as on the slopes. The present topography 
is in many places not the same in detail as the topography which 
existed at the time the ores were concentrated, and accordingly 
it is not safe, in discussing the relations of the ores to the topo- 
graphy, to consider too small topographic units. Believing that 
the present major topographic conditions represent, at least in 
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part, the past conditions, Van Hise has discussed in some detail 
the relations of the Lake Superior ores to the particular topo- 
graphic features of the different districts. In one or two cases, 
and especially in the Gogebic district, the topographic units 
selected for discussion may have been too small, and this has re- 
sulted in criticism of the entire theory. It is believed that his 
main conclusions as to the relations of the ores to the major topo- 
graphic features have been confirmed rather than disproved by 
recent work. 


POINTS FOR WHICH MORE EVIDENCE IS NEEDED. 

Is evidence of the secondary development of the ores from 
iron carbonate and greenalite sufficient to preclude the possibility 
that a part of the ores may have been originally deposited as 
hydrated hematite in chemical or organic sediment? The evi- 
dence that the Lake Superior ores developed from the alteration 
of ferrous compounds of iron carbonate, or iron silicate (green- 
alite), or iron sulphide, is in briefest outline as follows: 

1. Complete gradation may be observed between iron car- 
bonate or greenalite or iron sulphide on the one hand and iron 
ore and associated cherts on the other. The former are un- 
stable compounds under present surface conditions; the latter 
under the same conditions are stable. It is certain for the fore- 
going reasons that the connecting gradations represent altera- 
tions from the former toward the latter. Moreover, the actual 
progress of the alteration has been observed both in the field 
and laboratory. 

2. The iron ores and associated rocks exhibit textures and 
structures similar to those of the iron carbonates or greenalite 
rocks or of rocks which can be directly observed to have altered 
from them. The granular textures of the greenalite rocks per- 
sist through the ore and ferruginous chert. The banding of the 


iron carbonates often persists likewise. These textures appear 
most conspicuously and abundantly in the less altered portions of 
the formation and may be entirely lacking in the more altered 
portions, in which cases it is concluded that the absence of dis- 
tinguishing textures is due simply to the metamorphism. If due 
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to differences in original sedimentation, it would involve most 
capricious changes, both vertical and lateral, during such sedi- 
mentation, and further it would involve the assumption that great 
metamorphism confines itself to areas in which sediments were 
deposited with textures and structures different from those ob- 
served in the less altered portions. 

3. The ores always come to the rock surface at some point, and 
are found to die out at no very great depth. They are essentially 
surface phenomena. If deposited originally as iron oxide in 
sedimentary succession, the deposits should be found not only at 
the erosion surface, but uniformly throughout its stratigraphic 
horizon along anticlines and synclines to whatever depth this 
may take them. 

4. The ores are found on impervious basements of shapes and 
attitudes to furnish pitching troughs for downward moving 
meteoric waters necessary to carry on the observed alterations. 
These basements consist of altered slate, of dolomite, of quartzite, 
and of “ greenstone ”’ in the form of dikes or bosses. A partial 
exception appears in the iron ores at the contact of the Upper 
Huronian and Middle Huronian of the Marquette district, but 
this zone is also one of easy circulation. The greenstones are 
intrusive in the iron-formation; the iron-ores resting upon them 
are clearly concentrations subsequent to the intrusions, and thus 
to the original sedimentation of the iron-formation as a whole. 

5. Iron ore appears locally in distinct veins sometimes asso- 
ciated with vein quartz. 

6. If the folds of the iron-formation containing the ore were 
straightened out, the ore bodies would be found to have shapes 
which could not be explained by variations in original deposition, 
however capricious. 

7. The deposits are in part magnetite, which is believed to have 
resulted from the partial oxidation of a ferrous salt rather than 
from the deoxidation of a ferric salt, for both chemical and 
field reasons. 

The evidence seems adequate to sustain the conclusion that the 
iron-ore deposits in their present form are essentially secondary 
concentrates, and that a large part of them, together with as- 
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sociated cherts and jaspers, have resulted directly from the altera- 
tion of iron carbonate or iron silicate. 

However, a factor of unknown importance in the development 
of the ore deposits is the enrichment of ferruginous chert or jasper 
by leaching out of silica, as shown on pp. 54, 63. The ferru- 
ginous cherts and jaspers are themselves known to be mainly 
secondary to iron carbonate or iron silicate by the same evi- 
dence as given above for the ores, though sufficient evidence 
is not now at hand to prove that all of the cherts and jaspers 
have developed from iron carbonate or iron silicate; and thus the 
possibility cannot be precluded that a part of them may be 
original sedimentary deposits in essentially their present form. 
Positive evidence that any of them are such is yet lacking. 

Weidman, in a report on the recently developed Baraboo dis- 
trict, has correlated the rocks with the Middle Huronian of the 
Lake Superior region. They are similar lithologically, and dis- 
tant only two hundred miles from the nearest Lake Superior dis- 
trict. He concludes that the Baraboo ores are bog deposits, which, 
since their deposition, have been only dehydrated. His evidence 
is: 

1. The iron ore deposits are bedded or stratified. 

2. They grade into adjacent slate, chert and dolomite with 
conformable stratification. 

3. The physical conditions of the district at the time the forma- 
tion was deposited were favorable for the formation of such 
shallow water deposits as iron ore, as evidenced by the presence 
of sun cracks and carbonaceous material and rapid alternation 
of the strata of the iron-formation. 

4. The deformation of the formation has been subsequent to 
its deposition. 

5. The change from limonite to hematite which such a theory 
would premise is in accord with changes which have effected the 
adjacent slate. 

6. Analyses of mine waters and comparison with river and 
spring waters indicates that the mine waters are not now de- 
positing iron ore. 

In districts related geographically, stratigraphically, and 
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lithologically, as are the Lake Superior and Baraboo districts, the 
natural presumption is that the manner of the origin of the ore is 
common to both, although the Baraboo ore differs from the Lake 
Superior ore in grading up into dolomite. Weidman’s conclu- 
sion, therefore, is of much interest, and if sustained would lead 
to the assumption that a considerable part of the Lake Superior 
ores not definitely proven to be secondary to iron carbonate or 
greenalite may have been originally deposited as hydrated hema- 
tite. The writer has attempted elsewhere to show that the evi- 
dence available does not satisfactorily support Weidman’s con- 
clusions with reference to the origin of the Baraboo ores, and 
that until the proof is conclusive the Baraboo district cannot be 
said to present an exception to the Lake Superior conditions, 
which are much more fully evidenced. Nevertheless, Weid- 
man’s work raises problems, the solution of which may either 
add to or slightly modify the presently known story of the genesis 
of the Lake Superior iron ores. 

What is the relative importance of transportation and deposition 
of iron compounds and the leaching of silica in concentration of 
ore? The concentration of iron ore involves the transportation 
and deposition of iron salts and the removal of silica. That iron is 
actually transported.in solution and deposited is shown by its re- 
placement of other substances, the former presence of which is 
recognized by its textures, by the occurrence of iron oxide in 
veins, by the structural relations of the iron ore to the surround- 
ing rocks, and by laboratory experiment. That silica has been 
taken out, thus enriching the iron-formation, is shown by the 
porous character of much of the ore, by observed stages of partial 
removal, by the removal of chert and jasper pebbles in detrital 
ores, by the slump of ore-deposit layers near the contact with chert- 
or jasper-forming wall, and by the silica content of mine waters. 
The relative quantitative importance of these two methods of 
concentration is still to be determined. At present it may be 
said in general that where the ore develops from the alteration 
of ferrous compounds of iron, a considerable amount of iron 
is carried in solution and deposited; that where the ferrous 
compounds have largely disappeared and solutions are act- 
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ing upon the oxidized compounds, as is the case today in most 
of the exposed portions of the Lake Superior iron formations, 
the leaching of silica is a dominant process. In the Mesabi dis- 
trict, the layers of chert and jaspers may be traced continuously 
into ore with a sharp downward bend at the contact, obviously 
due to removal of silica. That the slump is not greater is due 
to the fact that the removal of the silica has left the ore in a 
porous condition, fully 25 to 40% of the ore being pore space. 
The measurement of the slump and pore space indicates that the 
leaching of silica is adequate locally to explain the development of 
the ore from the adjacent rocks. 

Greenalite granules and ferruginous chert concretions. The 
greenalite granules, believed to have constituted the bulk of the 
original Mesabi iron-bearing formation, are similar in physical 
and optical properties to glauconite or greensand but differ in 
almost lacking potash. They have been called glauconite by 
Spurr,’ who argues that the absence of potash may be due to 
secondary alteration and that in any case the composition of 
glauconite, as thus far determined, is so variable and uncertain 
as to warrant the application of the name to the Mesabi granules, 
so similar to glauconite in physical and optical properties. Pro- 
fessor F. W. Clarke of the U. S. Geological Survey and the 
writer,* with more analyses of the Mesabi granules than were 
available to Spurr, concluded that the difference in composition 
between the Mesabi granules and glauconite was sufficiently cer- 
tain and fundamental to preclude calling it glauconite,—a sub- 
stance defined by Dana as essentially a hydrous silicate of ferrous 
oxide and potash. The writer further concluded that the Mesabi 
analyses, after correction for minor alterations, are essentially 
those of a hydrous ferrous silicate, corresponding approximately 
to the formula FeSiO,nH,O. The term “ greenalite” was then 
coined for the substance,* to emphasize the fact that it differs 
from glauconite, regardless of its origin. 

Less work has been done on the origin of the greenalite than 


’ 


* Bull. X., Geol. and Nat. Hist. Surv. of Minn. and Am. Geol., Vol. XXIX. 
2Mon. U. S. Geol. Survey No. 43, 1903, pp. 243-7. 
3 Mon. 43, cit. 
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upon its composition. Van Hise has ascribed to it a chemical 
origin similar to that of iron carbonate (see p. 50), because 
of analogy in composition and associations, indicating a com- 
munity of requisite conditions. But this does not explain the 
occurrence of the substance in granules nor preclude the participa- 
tion of organic agencies. The remarkable similarity in shape 
(not in composition) to glauconite and to part of the Clinton flax- 
seed granules suggests some close relation of agencies in deter- 
mining shape. Were the origin of these substances definitely de- 
termined, the problem of ascertaining how far the agencies active 
in their development were effective in the development of greena- 
lite granules would be a comparatively simple one. But a perusal 
of the literature shows that there are still doubtful elements in 
the genetic history of glauconite and Clinton granules. The final 
determination of the origin of the Mesabi greenalite granules is 
thus but a part of a broader study yet to be made, which shall 
include glauconite and Clinton granules and even certain of the 
chert granules (not odlites) found in limestones. 

The unraveling of the history of the greenalite granules still 
further involves the study of concretionary or odlitic forms 
roughly similar in shape, but differing in not being originally 
homogeneous and in possessing radial and concentric structures. 
These are found in all of the iron-formations of the Lake Su- 
perior region, including the Mesabi, though varying greatly in 
abundance in the different districts. They are abundant in the 
Clinton ores and in cherty limestone formations in general. The 
odlites have sometimes been confused with the homogeneous 
granules considered in preceding paragraphs, but it is certain that 
they are essentially different in structure. Their origin is also 
known to be secondary in many cases, but the factors entering into 
their development are still not quantitatively known and qualita- 
tively only partly, and until they are known it will be difficult to 
determine to what extent, if any, they have entered into the de- 
velopment of the homogeneous granules of the Mesabi and Clin- 
ton formations. 

Association of iron-formation with slate. The usual conform- 
able association of iron formation with thick slate formations 
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seems to be explained by the fact that one represents the chemically 
transported portion and the other the, mechanically transported 
portion of the basic igneous rocks from which they are supposed, 
for geological and chemical reasons, to have been derived. To 
illustrate: The land areas were at or near baselevel during the 
deposition of the Upper Huronian iron-formation. During this 
period chemical transportation and sedimentation of iron-forma- 
tion materials preponderated. Uplift rejuvenated the streams, 
and the residual land surface, consisting largely of clayey prod- 
ucts, was mechanically transported and deposited as a mud for- 
mation above the iron formation. The averaged composition of 
the original iron-formation and slate, taking relative masses into 
account, seems to approximate roughly that of the original igne- 
ous rocks from which derived. Further accurate averages’ of 
composition and quantitative determination of the many factors 
entering into the calculation are needed as a basis for a satis- 
factory proof of this relation. 

General. It seems probable that most of the principal factors 
entering into the development of the Lake Superior iron-ores and 
iron-bearing series have been noted and their relative importance 
approximately determined. The most important work remain- 
ing to be done is the accurate determination of their quantita- 
tive importance. 

*“ A Geologic and Physiographic Sketch of the Animikie Iron-Bearing 


District, Ontario,” by R. C. Allen. Unpublished thesis. Geological Depart- 
ment, Univ. of Wis., 1905. 
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THE CHEMISTRY OF ORE-DEPOSITION—PRECIPI- 
TATION OF COPPER BY NATURAL SILICATES.! 


EuGENeE C. SULLIVAN. 


Work recently done in the chemical laboratory of the U. S. 
Geological Survey shows that natural silicates, and especially 
feldspars, enter into reactions of double decomposition with salt 
solutions at ordinary temperatures more readily than is generally 
recognized, and it appears possible that not only the importance 
of feldspars, estimated to make up 60 per cent. by weight of 
the lithosphere,” as precipitants in geological reactions, but also 
the great superiority of salt solutions over water as disintegrating 
agents, have not been sufficiently emphasized. 

Way,® Eichhorn,* Peters, Lemberg, van Bemmelen,® and others 
showed that certain finely-divided solids such as soils, kaolin, etc., 
take up base from a salt solution, giving off at the same time an 
equivalent quantity of their own constituents. It has now been 
found that some of the more difficultly decomposable rock-form- 
ing silicates react readily in a similar manner with the salts of 
heavy metals, copper, for example, undergoing precipitation from 
cupric sulphate solution in exchange for other bases, which dis- 
solve. 

Following a suggestion made by Kohler® the present writer 
first took up the action of kaolin on CuSQ, solution.’ Kohler dis- 

* Published by permission of the Director of the United States Geological 
Survey. 

*F. W. Clarke, Bulletin United States Geological Survey 228, p. 20. 

3 Jour. Roy. Agr. Soc. England, 1850 and 1852. 

4 Pogg. Ann., 105, 126 (1858). 

5 Landw. Versuchs-Stationen, 21, 135 (1877) ; 23, 264 (1879) ; 35, 69 (1888) ; 
etc. 

6 Kohler, “ Adsorptionsprozesse als Faktoren der Lagerstattenbildung und 
Lithogenesis,” Zeit. prakt. Geologic, XI., 49 (1903). 

™The work with kaolin was undertaken at the suggestion of Mr. W. H. 
Weed, of the Geological Survey, in the hope of throwing light on the forma- 
tion of Montana copper-ore deposits. The writer is also much indebted to 


Mr. Weed for material and information on the geological side of the work. 
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cusses the possibility of a causal relation between the adsorptive 
capacity of clays and their association with the ores of certain 
metals, notably copper, adsorption being the power ascribed to 
solids, immersed in a solution, of concentrating the dissolved stub- 
stances on their surface. Such action would be especially marked 
in the case of powdered or porous material. 


EXPERIMENTAL WORK. 


A washed kaolin was used, containing 1.6 per cent. alkali, 
mostly potassium, and small quantities of calcium, magnesium 
and sulphates. Microscopic examination showed the presence of 
undecomposed feldspar. 

Among other solids employed, all ground to a fine powder, 
were: 

Shale; from Arizona, consisting largely of kaolin and glau- 
conite and containing 6.74 per cent. K,O and 0.44 per cent. 
Na,O.’ 

Orthoclase; two specimens from San Diego county, Califor- 
nia, fairly pure.” 

Albite; well crystallized from Amelia Court House, Va.*  Al- 
bite from this region is shown by analysis to be almost perfectly 
pure. 

Microcline; crystalline, from Way’s Quarry, near Wilmington, 
Delaware,* also shown by analysis to be very pure. 

Pyrite; ground in water to a fine mud, washed with dilute sul- 
phuric acid, water, alcohol, and ether, and dried at 100° C. 

Biotite; from Rossie, N. Y.® 

The kaolin and the feldspars were subjected to quantitative 
tests for carbonate and found to contain only an insignificant 
trace. 

To determine the action of the powdered solid on cupric sul- 
phate solution, 25 grams of the powder were added to 50 c.c. of 
the solution (in most cases a I per cent. solution of the crystal- 
line CuSO,,5H,O, containing 0.252 gram copper in 100 c.c.) in 


' This shale was kindly furnished by Dr. Lindgren, of the Geological Survey, 
who called the writer’s attention to its frequent association with cuprite. 

2 Obtained through Mr. W. T. Schaller, of the Geological Survey. 

3 Kindly furnished by Mr. Wirt Tassin, of the U. S. National Museum. 
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a flask which had been steamed to remove easily-soluble matter 
from the glass. After being securely stoppered the mixture was 
allowed to stand for some time, with occasional shaking, and was 
then filtered. The perfectly clear filtrate was analyzed. 

Some of the results are as follows: The reaction between the 
silicate and the copper solution is chiefly an exchange of bases, 
copper undergoing precipitation and an equivalent quantity of 
other bases (chiefly the alkali and alkaline earth bases) entering 
the solution. If adsorption takes place it is in comparatively in- 
significant amount. 

The acidity of the cupric sulphate solution is not changed by 
contact with the silicates and precipitation of copper. A certain 
quantity of SO, is precipitated with the copper—the solid residue 
in several instances containing about 1 SO,: 10 Cu. Whether 
the corresponding amount of cupric sulphate is adsorbed or 
whether some precipitation of basic sulphate takes place, as is the 
case when alkali is added to excess of cupric sulphate solution, 
remains to be determined. The sum of the bases which go into 
solution is exactly equivalent to the total copper precipitated, less 
the SO, precipitated. 

The equilibrium actually attainable is decidedly dependent on 
the grinding; the finer the powder the more copper is precipitated. 
The action thus apparently takes place only on the surface of the 
particles. 

As to the results with the individual substances: The shale re- 
moved in one case 95 per cent., in another case the total copper 
from its solution. The solution remained perfectly neutral, 
K,O, MgO, CaO, and Na,O replacing the copper. _Biotite also 
in a qualitative test removed copper completely. 

The feldspars, orthoclase, albite, and microcline, ground in the 
agate mortar, each removes copper from solution to a surprising 
extent, 25 grams of the powdered solid taking from 60 to 100 
milligrams copper from 50 c.c. cupric sulphate solution contain- 
ing 126 mg. copper. This is a greater precipitation than takes 
place with kaolin and also greater than that caused by an equal 
weight of pyrite. Results among different substances are, how- 
ever, only roughly comparable owing to the impossibility of get- 














79° EUGENE C. SULLIVAN 


ting the powders of the same degree of fineness. The feldspars, 
originally pure white, were given a decided green tinge| by the 
precipitated copper. After a few washings further treatment 
with water removed practically no copper at all from the greenish 
powder. 

Cupric sulphate solution is similar to carbonic acid solution in 
the extent of its action on feldspar. Somewhat more orthoclase 
was dissolved by 1 per cent. cupric sulphate solution than by sus- 
pending the powdered feldspar in water and passing carbon 
dioxide for twenty hours. Water alone under similar condi- 
tions dissolved but a trace. 


THEORETICAL. 


The conditions are analogous to those under which Lemberg 
worked with silicates and salt solutions, and it is to be expected 
that principles similar to those governing the precipitation of 
potassium or sodium by analcite or leucite will apply to the pre- 
cipitation of copper by feldspars, etc. 

Lemberg’ showed that sodium chloride solution at ordinary 
temperatures transformed leucite (KAISi,O,) in part into anal- 
cite (NaAISi,0,,H,O), sodium being substituted for the equiva- 
lent quantity of potassium. The reverse substitution took place 
when analcite was treated with potassium chloride solution : 


KAISi20. + NaCl + H:0 = NaAISi.0.,H:O + KCl. 


The reaction is therefore readily reversible, the newly formed 
compounds being capable of interacting and reproducing the 
original ones. The result is that transformation is only partial 
and a condition of equilibrium sets in with all of the substances 
concerned still present in greater or less quantity. 

Equilibrium is established when the rate at which the reaction 
takes place in one direction (the quantity of substance trans- 
formed in unit time) equals its rate in the opposite direction; the 
net result is then no change. Now the rate or velocity of chem- 
ical action is proportional to the concentration (the number of 
molecules in unit volume) of each of the reacting substances and 


*Zeitsch. deutsch. geolog. Gesellschaft, 28, 537 (1876). 
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therefore to the product resulting from multiplying together all 
such concentrations : 


Velocity of one reaction kX Cleucite < °Naci X CHO 


Velocity of reverse reaction = k Canalcite  CKCI 


k and k’ being factors indicating proportionality, and Cteucite 
etc., indicating concentrations. ' 
For equilibrium, when the velocities are equal, 


> \4 VY VY ow -_ ISn V4 
kX Cleucite “\ ©Nacl °H.O k’ X Canalcite ~ KCI 


Transposing : 
Cleucite"NaCI°H,O __ k’ 
k 


K 
Canalcite°KCl 

This is, according to the law of mass-action (Guldberg and 
Waage, 1867) or law of concentration-effect, as it is sometimes 
called, when equilibrium is attained the product of the concen- 
trations of the substances on one side of the chemical equation 
bears a certain fixd ratio to the similar product on the other 
side of the chemical equation ; and this will be true no matter what 
the relative quantities originally taken, provided only that the 
final temperature is always the same. 

In the case under consideration the equilibrium syissilon may 
be decidedly simplified owing to the fact that the concentrations 
of the leucite, the analcite, and the water in the solution are 
practically constant, the two former because with the solids in 
excess the solution will always be saturated with respect to them, 
and the water because it is present in such large excess that the 
slight change caused by the transformation of one mineral into 
the other is negligible. 

Introducing this simplification there remains only 


Cyaci 
. constant, 

Cxa 
1 The concentration of a substance is taken as the number of gram-molecules 
in one liter. If there are 58.5 grams sodium chloride in one liter of solution, 
for example, the concentration of the salt is 1; if 117 grams per liter the con- 
centration is 2; if 29.25 grams per liter the concentration is 0.5; and so on. 
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or, substituting the concentration of the active or ionized portion 
for that of the salt, 
= constant. 
Ke 

In other words, the only requisite for equilibrium, provided the 
mass-law holds strictly, is that the sodium and potassium ions in 
the solution be in a certain definite ratio. 

From this the following conclusions may be drawn: 

Sodium and potassium chlorides in solution together in the 
equilibrium ratio will affect neither analcite nor leucite nor their 
mixture. The relative quantities of the solids present evidently 
do not enter into the equilibrium. 

A solution containing a greater proportion of sodium chloride 
than corresponds to the equilibrium ratio will have no effect on 
analcite, but will transform leucite into analcite, decreasing the 
sodium and increasing the potassium in solution until the equi- 
librium ratio is reached. Similarly, if potassium is in solution 
in excess of the critical ratio, not leucite, but analcite will undergo 
transformation. 

Leucite will be less affected by a mixture of NaCl and KCl 
than by sodium chloride alone; more analcite will be transformed 
by a given quantity of potassium chloride if no sodium chloride 
is present at the outset. 

Subjecting leucite to the action of repeatedly renewed por- 
tions of sodium chloride solution will tend to change it com- 
pletely into analcite; and analcite similarly treated with fresh 
portions of potassium chloride will go over more or less com- 
pletely into leucite. 

As to the relative concentrations of Na® and K® in the equi- 
librium solution, their ratio is evidently identical with that in the 
solution obtained by treating the two minerals together with pure 
water. Assuming, as we must, that the minerals are somewhat, 
however slightly, soluble in water, such a solution would be 
saturated with respect to both minerals and would therefore be 


: y Na® 
in equilibrium with both. The equilibrium ratio Ke 3s thus 


practically identical with the ratio 
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solubility analcite in water 
solubility leucite in water. 


This brings us to the familiar principle that of two substances 
convertible one into the other, the less soluble under any given 
conditions is the more stable under those conditions and, other 
things being equal, the less soluble will form at the expense of 
the other. For, suppose leucite to be less soluble than analcite 
att . 
in water. Then the equilibrium ratio Ke >! and a solution 
containing NaCl and KCI in equimolecular quantity in contact 
with the two minerals will transform analcite into leucite until 
the Na® content has increased and the K® content decreased 
sufficiently to satisfy the equilibrium ratio. The solutions which 
will transform analcite into leucite are those ranging in content 
from potassium chloride alone to a mixture containing more 
NaCl than KCl. Those which are capable of effecting the re- 
verse change are of a narrower range of composition, varying 
from pure sodium chloride to a mixture containing less potassium 
chloride than sodium chloride. The greater the difference in 
solubility of the two minerals the wider is the possible range of 
composition of the mixtures capable of effecting the one change, 
and the fewer are the mixtures which can effect the reverse 
change. 

Lemberg’s results show greater attack of analcite by potassium 
chloride solution than of leucite by sodium chloride solution, from 
which it is to be inferred that leucite is the less soluble and more 
stable of the two minerals. The compounds of potassium com- 
mon in chemistry are as a rule less soluble than those of sodium; 
and the same appears to be very generally true of the natural 
silicates containing potassium or sodium. The sodium minerals 
are more readily attacked by solvents and less readily formed 
from solution than the corresponding potassium minerals. 

The considerations above outlined presuppose that equilibrium 
can be attained; and apply only in case both solids are allowed 
free contact with the solution. This'might conceivably be pre- 
vented by the precipitation of a surface film on the particles of 
the original solid or by the formation of a layer of partly dis- 
integrated material which the solution will not penetrate. 








EDITORIAL 


With the appearance of the present number the journal, 
Economic GroLocy, begins its life. It seems fitting to the 
founders of the new enterprise that a few words of introduction 
be said to those to whom it is their earnest wish that the maga- 
zine shall be of service, both in regard to the considerations 
which have led to its publication, and the place which it is de- 
signed. to fill in the scientific world. 

The systematic study of mineral deposits has assumed, during 
the past twenty years, a position of increasing importance to a 
growing body of men. To the mining engineer, the geologist, 
the metallurgist, and the man who is engaged in the technical 
training of engineers, the value of a thorough knowledge of 
economic geology is becoming constantly more evident. The 
mining engineer, occupied with the exploitation and valuation of 
ores now recognizes that a clear understanding of the origin of 
a deposit is essential to an intelligent estimate of value, and a 
thorough grasp of geologic structure an indispensable aid in its 
development. The geologist has recognized that scientific re- 
search, originally pursued solely from a desire to ascertain the 
truth, may be rendered of inestimable service to those engaged in 
the practical operations of the mineral industry. The educator 
has in his turn been compelled to meet the needs of technical 
training by more thorough and careful attention to the study of 
ore genesis and by a more comprehensive presentation of the 
intimate connection between the structure of rock masses and 
the deposits of mineral which they contain. Nor is it on the 
clear understanding of the complexities of occurrence and the 
problems of genesis of metalliferous ores alone that practical 
men are learning to depend for profitable operation and accurate 
estimate of value. The class of materials generally termed non- 
metallic which exceed in total value the deposits of metalliferous 


minerals, such as coal, cement, abrasives, petroleum and many 
74 
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others, are even more frequently dependent for their value on the 
structural relations of the rocks in which they are found or the geo- 
logical conditions which have determined their origin; factors 
which can be appreciated only after a careful study of the geology 
and to which the valuable materials themselves are so intimately 
related that they cannot be separately considered. 

It is inevitable that there should be now as always, a group of 
men who decry as mere luxuries of speculation all endeavors to 
solve the scientific problems which bear upon the practical dif- 
ficulties of mining. Happily their number grows progressively 
smaller as research becomes demonstrably more valuable, and it is 
believed that the application in practice of the more firmly estab- 
lished conclusions of geological science will soon find but few 
opponents in the ranks of practical men. 

The growing demand for a more thorough and accurate 
knowledge of economic geology has given to its study an impetus 
whose effect has been widely felt both in the scientific and com- 
mercial world and there is probably no country in which scien- 
tific researches have been pursued with greater energy or been 
productive of results of more permanent value than the United 
States. 

This demand has met with its response in papers which have 
appeared in the proceedings of engineering societies and in many 
of the scientific and technical journals of the day, and to the 
authors of these papers one cannot but make grateful acknowl- 
edgment for the high degree of merit which they have often at- 
tained. 

That there should be, however, no periodical published in the 
English language exclusively devoted to this and allied branches 
of Geology seems a serious omission and one which has done not 
a little to hamper those who seek to keep pace with the most 
recent trend of opinion in this field of geologic thought. 

For these reasons it was decided by those who have interested 
themselves in the matter to establish this journal of Economic 
GEOLOGY. 

In doing so the founders believe ‘hat they will do a service to 
both readers and writers; to readers by furnishing them with a 
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means for keeping more readily in touch with the most authorita- 
tive thought on ore-deposits and kindred subjects; to writers by 
enabling them to secure a field for the publication of much of the 
scientific discussion for which there is now no suitable means of 
distribution. 

The chief purpose of Economic Geology will be to furnish its 
readers with articles of a scientific character. These will deal 
with the application of the broad principles of geology to mineral 
deposits of economic value, with the scientific description of such 
deposits and particularly with the chemical, physical and struc- 
tural problems bearing upon their genesis. With the engineer- 
ing and commercial aspects of mining this journal will not be 
directly concerned, as these subjects find ample representation in 
the technical mining journals. 

In a paper by Dr. F. L. Ransome which appears elsewhere in 
this issue on the “ Present Standing of Applied Geology ” the 
need of this new Journal and the relation of general to economic 
geology are more fully discussed and the editor takes pleasure in 
referring the readers to this article. 

Besides the regularly printed articles three other departments 
will be maintained. One will contain critical reviews of the 
more important recent contributions to the literature of economic 
geology ; another will afford an opportunity for the informal dis- 
cussion of scientific, educational and other problems of current 
interest, and the third will furnish the readers with notes of 
a scientific and personal character. 

Editorials will occasionally appear when any subject seems to 
call for special notice but it is not the intention of the founders 
to attempt to mould public opinion by editorial discussion. 

It is particularly the wish of the editors that a high standard 
of merit be maintained in the papers which appear in the pages 
of Economic GEoLocy and with the hearty support and codpera- 
tion of those who are in a position to contribute to its columns, 
which they most earnestly bespeak, they entertain the hope that 
this journal may become of such service to scientific and profes- 
sional men as to deserve their continued commendation. 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those intere.ted in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the editor, 
South Bethlehem, Penna. The full name of the author should be attached 
to all communications. 


University Training of Engineers in Economic Geology. 

Sir :—In the beginning of a new science or of a science newly 
recognized as distinct from others with which it has long been 
closely associated the establishment of the fundamental prin- 
ciples is usually brought about in one of two very different ways. 
Either the building of the foundations of the new branch of 
learning may arise as a result of abstract investigation, or research 
may be started in response to the distinct demand of commercial 
interests for a more accurate knowledge of questions to which 
the demand itself has given a definite market value. 

In the first instance the progress which is made is chiefly due 
to the disinterested enthusiasm of the work of scientific investiga- 





tors—and generally such men are connected with the scientific de- 


men to whom research is 





partments of our large universities 
attractive for the interest which they have in their subject, and 
to whom educational work permits sufficient leisure for investiga- 
tion as well as the means of support while their researches are 
actively pursued. 

Of such research the formulation of the science of physio- 
graphy is the result—-a science which has only gained indivi- 
dual recognition within recent years and which may be directly 
attributed to the scientific enthusiasm of university men. 

In the second case the demand for more thorough knowledge 
in a newly recognized branch of science finds its response partly 
in the technical schools where the professed aim of the institution 
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is to enable men to make money and partly in the endeavors of 
government bureaus to meet the needs of the situation. Prog- 
ress is here the outcome of the urgent needs of enterprises which 
are purely commercial and for which it is frankly admitted the 
justification is to be found merely in the desire to conduct prac- 
tical work with less chance of pecuniary loss. Scientific enthusi- 
asm it is true is not lacking in this more than in the other 
branches of geologic work, but its stimulus is commercial and 
the researches would never have been made had not practical 
needs suggested the problems and demanded their explanation. 

In the latter class of new sciences may be placed the now 
clearly defined study of economic geology. The study of the 
genesis and classification of ore deposits is of course not new 
for it has been pursued for many years and particularly in Ger- 
many, has been a time-honored study to which many men have 
devoted years of industry and labor and have arrived at results 
of great scientific and industrial value. It is likewise true that 
the broader principles of general geology have, with increasing 
frequency, been applied to the investigation of mineral deposits ; 
but the science of ore-genesis is after all but a small part of 
Economic Geology, merely a special branch of a study whose 
scope is of vastly greater magnitude, and the application of the 
principles of structural and chemical geology to mineral deposits 
has been but vaguely recognized as distinct from general geology, 
or at best has been regarded as a diversion of energies and scien- 
tific abilities which had found better expression in the more honor- 
able studies dictated by the conservatism of previous years 
as the suitable branches of geologic investigation. 

That these conditions no longer exist hardly needs assertion. 
Economic Geology is today a definite, distinct study, embracing 
a wide range of subjects and affording a field for research as 
engrossing to the student as its results are valuable to commercial 
progress. It is a study among whose investigators are recog- 
nized many of the leading men of science and whose elucidation 
is coming to demand the attention of a larger number of men 
than are engaged in any other branch of geologic work. 

With the now clearly recognized standing of the science of 











— 





wl 
pli 


va 
en 
its 
th 
th 
op 
re 


mi 
co 


ar 








JW 

















— 








DISCUSSION 79 
Economic Geology has come a demand for the training of engi- 
neers in this line of work and a comprehensive course of instruc- 
tion in it in our American universities. 

This demand has been longest met in our technical schools 
and its importance is coming to be recognized even by those in- 
stitutions which do not profess other aims than those of liberal 
education. It is to the technical schools, however, that we must 
turn for a knowledge of the manner in which this subject is pre- 
sented and the grasp of the main principles which is attained by 
the student after his graduation. 

It is not the purpose of the writer to make a critical compari- 
son of the methods of instruction pursued in different univer- 
sities, that is something which may be more profitably left to 
those who conduct the work in different institutions—but rather 
to present what he considers to be the scope of the science, the 
results which it is most essential to accomplish and the means 
which he has individually found to be most satisfactory in accom- 
plishing them. 

The men to whom a knowledge of Economic Geology is of 
value may be classed as mining engineers, metallurgists, civil 
engineers and chemical engineers. To the chemical engineers 
its importance is more incidental than immediate as it furnishes 
them only a knowledge of the location, amount and character of 
the material with which they are concerned in their chemical 
operations; to the civil engineer an understanding of the occur- 
rence and origin of structural materials is of most value, but the 
study of the genesis and geology of metalliferous ores is of less 
moment; but to the metallurgist and mining engineer, a full and 
complete grasp of economic geology in all its relations is a sine- 
qua-non of practical success to which every solution of geologic 
and chemical problems lends added emphasis. 

There are six questions to which the students of economic 
geology demand an answer—and these six answers embody the 
main principles that constitute the science. 

1. Where are deposits of metalliferous ores and non-metallic 
products to be found? What is their geographical distribution 
and what is the relation of the centers of production to markets 
of consumption ? 
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2. What are the chemical characters of the ores and the phy- 
sical characters of structural materials which occur in these locali- 
ties? In what manner do they lend themselves to treatment ? 

3. In what quantities are these materials to be procured? 
How does the production of the several localities of occurrence 
give evidence of their promise of future product. 

4. What are the geological relations—structural and chemical 
—of the majority of occurrences of each type and what is their 
bearing on the probability of recurrence elsewhere? 

5. What is the origin of these materials and of what import- 
ance is its understanding in estimate of value and the methods of 
exploitation? 

6. Where are to be found the most reliable and authentic pub- 
lished accounts on the various phases of economic geology. 

In completely answering these questions and impressing on the 
student their answers the essential features of a good course of 
instruction will have been in large part realized—it remains but 
to afford him a few opportunities in the practical application of 
these principles by the examination of actual occurrences and the 
preparation of reports upon them. 

Practical application in large measure must of course come 
from subsequent practice, but it is generally possible for the young 
engineer to make a few attempts at application at the close of his 
more theoretical work, and such will be found of inestimable 
service in the impress which they leave upon him of methods 
and practice. 

In discussing further the manner in which it has been possible 
to meet the demands of a course of this character, the writer is 
fully conscious that methods of instruction are not in themselves 
of any great value for general application, for it has long been 
recognized that the personality of instructors determines in large 
measures the success of any instruction. The ends to be at- 
tained, once recognized, are the most important features and the 
fact that the men are well trained is of itself vastly more im- 
portant than the manner in which the results have been attained. 

It is believed, however, that, with able instruction, much better 
results can be obtained in the manner described than by any sys- 


tem which has heretofore come to the writer’s observation. 
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In answering the questions which relate to genesis, the gen- 
eralities of geologic occurrence, the chemical features of oxida- 
tion and alteration of ores little can be added to the methods 
now in use. A clear presentation and instruction by means of 
lectures and the like are the most satisfactory means of imparting 
such instruction. 

In dealing with the other questions, however, such as geo- 
graphical distribution, chemistry, geologic occurrence, and pro- 
duction, the descriptive methods so long employed have been 
found inadequate. A student who is required to remember a 
large number of ore-deposits in different parts of the world with 
a great wealth of detail as to production, geology, genesis and 
other incidental features, however well he may commit these 
facts to memory, retains but a short time any adequate concep- 
tion of the prevailing features of the various types of mineral 
deposits. The only residue which he carries into practice is the 
self-satisfaction of having fulfilled the requirements which have 
been imposed upon him by his instructors. 

The question then arises: How may this information be ac- 
quired by the student so as to be most available for future ap- 
plication ? 

In order to impress on the student the facts of location, produc- 
tion, geology and chemical composition some more satisfactory 
method is essential. 

To the writer it was suggested that this might be accomplished 
by the graphic representation of the data on an outline map of 
the United States—a method suggested in part by Professor C. 
K. Leith of the University of Wisconsin, by whom it was first 
employed, and in part by his own previous work. 

The student is furnished with all available reports on the sub- 
ject studied and by consulting them in order to obtain his facts 
becomes familiar with the literature. He then records for each 
metal or non-metallic product, the locality, production, chemistry, 
geologic age and lithology, on outline maps of the United States 
by appropriate symbols and explanatory legends. A separate 
map is prepared by every student of each of the more important 
metals and non-metallic products. At the close of the work 
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these maps are returned and constitute a permanent record of 
the main facts connected with the several mineral products. A 
bibliography is at the same time compiled and filed for future 
reference. 

In this way the subject is learned by means of original in- 
vestigation and the important features, by being graphically repre- 
sented are much more readily grasped and understood. 

It is believed that this character of laboratory work will be- 
come more and more a feature of instruction in economic geology 
and it is confidently expected that it will do much to enhance 


its value. 
J. D. Irvine. 
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Die Erzlagerstaétten. UNTER ZUGRUNDELEGUNG DER VON ALFRED 
WILHELM STELZNER HINTERLASSENEN VORLESUNGSMANU- 
SKRIPTE UND AUFZEICHNUNGEN BEARBEITET VON Dr. ALFRED 
Berceat. I Halfte mit 100 Abbildungen und einer Karte. 
Leipzig, Verlag von Arthur Felix, 1904. Pp. 470. 

Alfred Wilhelm Stelzner, professor of geology in the mining 
school of Freiberg, died in 1895 and the news of his death was 
received with the deepest sorrow by geologists throughout the 
world especially by those who, as his students, had learned to love 
his personality and who had drawn inspiration from his enthusi- 
astic devotion to science. Passing away at an age of only 55 
years, he had not been allowed to complete the task set before him 
and this, as many of his students knew, consisted in part in the 
preparation of a comprehensive volume on the mineral deposits 
of the world. It is, therefore, a source of great satisfaction to 
find that the work of editing and completing his manuscripts has 
been carried out by his former assistant, Professor Bergeat, of 
Clausthal. The first part of this work has now appeared in the 
form of a volume of 470 pages in excellent typographical form, 
and the second volume is soon expected. 

It must be said at the outset that Professor Bergeat has 
handled his difficult task with the greatest skill and success. It 
was doubly difficult, for not only had the gaps to be filled, but 
allowance had to be made for the great advance of the science of 
ore deposits since Stelzner’s death and this in some instances 
necessitated changes in his conclusions and additional theoretical 
explanations; the latter when representing Professor Bergeat’s 
views are indicated by asterisks at the beginning and close of 
the paragraph. The volume really presents a composite picture 
of Professor Bergeat’s present theoretical conceptions and of 
Stelzner’s views of ten years ago. How the latter would have 
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changed had Stelzner been allowed to complete his life’s work is 
of course impossible to say. But I am inclined to believe that 
in many cases they would have differed somewhat from those 
now representing Professor Bergeat’s attitude. 

The book begins with nine pages devoted to systematic discus- 
sion. This seems far too little for such an important subject. 
Stelzner’s division of mineral deposits into protogenetic and deu- 
terogenetic is retained. The latter include only the placer de- 
posits and those derived by segregation within the rock (meta- 
thesis). The former are divided into 
f with igneous rocks, 
| with sedimentary rocks. 

by filling of cavities, 

by replacement of the rock. 

It is unnecessary to discuss the apparent and very serious 
shortcomings of this scheme considered as a genetic classification. 
Ten or twenty years ago it represented a- satisfactory advance 
over the division of mineral deposits by their geometrical forms 
but at the present time it does not seem to go far enough. The 
chemical and physical aspects of processes of deposition are not 
treated in this introduction. The present volume describes only 
the syngenetic deposits and these include the igneous deposits, 
the minerals of which have consolidated from magnetic fusion, 


Syngenetic 


Epigenetic 


as well as the sedimentary deposits in which “the ore is pre- 
cipitated form solutions, which also contained the components of 
the rock in mechanical suspension, partly perhaps also in solu- 
tion.”’ 

The igneous deposits are treated on 66 pages with full and 
excellent references covering practically the whole of the litera- 
ture. Local names and references are as a rule very correctly 
given. With the mass of material treated, occasional lapses are 
almost unavoidable as when for instance, the Klefva nickel de- 
posit in Sweden is located in the province of Dalarne instead of 
Smaland. Tin-bearing granites and‘pegmatites, titaniferous mag- 
netites, nickel-bearing pyrrhotite with chalcopyrite, chromite, 
platinum and diamonds are treated under this chapter which also 
contains well-considered notes on the occurrence of possibly 
primary gold in various igneous rocks. 
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The sedimentary deposits occupy the remainder of the volume. 
Here we are at once confronted by a strongly pronounced leaning 
toward the “neptunistic”’ view. The deposits of magnetite of 
Sweden and the great hematite beds of the Lake Superior region 
as well as manganese deposits are described under this divi- 
sion. Grave doubt may in many cases arise over the propriety 
of this classification especially in case of the Swedish magnetites 
accompanied by gangue of garnet, pyroxene and similar minerals. 
The same applies to the zinc deposits of Franklin Furnace and 
several other cases, but it must be acknowledged that impartiality 
is usually shown by consideration of several sides of the question. 
The criteria given on p. 88 for the recognition of the minerals as 
a product of chemical precipitation occurring at the same time as 
the formation of the enclosing sediments can scarcely be said to 
be satisfactory. 

The fact that in many cases the present minerals are not the 
original ones and that regional and contact metamorphism may 
have caused great changes is recognized, but Professor Bergeat 
does evidently not fully appreciate the great possibilities of meta- 
somatic replacement by solution whereby large masses of oxides 
or sulphides of iron and other metals may replace limestone and 
even other kinds of rocks. In most of the cases mentioned his 
idea is that the deposits originally were marine sediments. On 
the whole the treatment of the iron deposits is very detailed and 
clear and forms a most valuable chapter. 

Strong opposition is likely to be developed by the discussion of 
“sedimentary deposits of sulphide ores.” No doubt Professor 
Bergeat anticipated this for considerable space is devoted to the 
justification of this view. The chapter begins: “ Sulphide of 
iron can be deposited in large masses in the oceans of the present 
day ” and the author cites the case of the Black Sea, practically a 
closed basin, in which the deeper layers of stagnant water con- 
tain much hydrogen sulphide and on the bottom of which sul- 
phide of iron is now being deposited. 

The iron might be carried into the water in suspension or 
solution, possibly also by submarine springs. The sulphur could 
be furnished by the decomposition of sea weeds which contain a 
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large amount of sulphates. Professor Bergeat finds it more 
difficult to account for the copper, zinc and lead in sulphide de- 
posits but believes that these metals may be derived by the de- 
struction by erosion of older deposits. Where this seems im- 
possible, recourse is had to sulphides carried up from the interior 
of the earth by magmatic waters (p. 361). The reader is forced 
to ask: Ifa part, why not the whole? But this Professor Ber- 
geat is unwilling to admit. 

The chapter begins by describing the “ fahlbands” in gneiss 
and schists, as sedimentary deposits, a treatment which probably 
will be received with astonishment by many mining geologists 
of 1905. The bedded pyritic deposits are described on about 
100 pages and the discussion follows in general the lines laid 
down by Stelzner, who considered many of these deposits as of 
sedimentary origin, although he recognized the unsatisfactory 
state of our knowledge concerning a number of them. As be- 
fore, the treatment of the subject is full, logical and generally ex- 
cellent; the references to the literature are invaluable. A de- 
tailed description is given of the typical Rammelsberg deposit. 
The Ducktown pyrite deposits receive mention and are promptly 
referred to the sedimentary division. To any one who is familiar 
with the development of pyrrhotite and chalcopyrite in the altered 
basic intrusives of the southern States this certainly seems wholly 
unwarranted. In short, although many may refuse to accept the 
author’s theoretical views, the facts in each case are generally 
given without bias and splendidly presented. 

The next division is devoted to the Auriferous Pyritic Fahl- 
bands under which heading we find described the auriferous con- 
glomerates of South Africa. The genesis is quite fully treated 
and the conclusion is reached by Professor Bergeat that the gold 
is most probably due to a chemical precipitation in the sea water. 
In odd juxtaposition, the gold deposits of the Homestake mine in 
the Black Hills next receive mention. The late literature on 
this subject is evidently not known to the author, otherwise that 
deposit would probably not be found in this volume of the work. 

The volume closes with extensive description of the auriferous 
Permian strata, chiefly those at Mansfield, and the galena de- 
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posits in the sandstone of Commern and Mechernich. In both 
cases the “ syngenetic ” or sedimentary character of the deposits 
and their independence of eruptive rocks are strongly emphasized. 
Lastly, the cupriferous tuffs of Boleo in Baja California, find 
mention; it is held that the copper is here of magmatic origin 
but that it was deposited simultaneously with the tuff. 

In conclusion, the volume is an extremely valuable addition to 
the textbooks on economic geology, the clear presentation of struc- 
tural features, the full references and the separation of facts and 
theories being especially commendable. It strongly upholds 
views of sedimentary origin, but it is strangely lacking in that 
kind of evidence, which modern science demands, that is, close 
examination of the constituents of the ores and of their relation 
to the enclosing rocks by chemical and microscopical methods. 
In many cases this method is the only one which can be followed 
with safety and its practical omission is the more remarkable as 
Stelzner may be almost considered a pioneer in this field. 

It is likely that the future will see fewer of those textbooks 
which attempt a descriptive condensation of the whole literature 
of ore deposits and more of those in which the principal stress is 
laid on the mode of origin considered from the standpoint of 


physical chemistry. 
W. Linpcren. 


The Mount Lyell Mining Field, Tasmania. With some account of 
the geology of other pyritic ore bodies. By J. W. Grecory, 
F.R.S., D.Sc. Transactions of the Australasian Institute of 
Mining Engineers. Vol. X., 1905. Pp. 26-196. Plates I.- 
XVIII. (including a geological map and sections) and 29 
figures in the text. 

Professor Gregory’s monograph is doubly welcome to geolo- 
gists because it is not only an admirable account of one of the 
great copper deposits of the world, but is also the most notable 
contribution to our knowledge of the geology of Australasian 
mining districts that has appeared in recent years. Admirable 
in plan, scientific in treatment and characterized by a happy 
lucidity of statement, this paper can not fail to awaken general 
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regret that Professor Gregory’s call to another post has ended 
his work in the many interesting, but for the most part in- 
adequately described, mining fields of Australasia. 

The basal rocks of the Mount Lyell district are fine-grained 
schists, composed of quartz and aggregates of minutely scaly 
white mica. This mica Professor Gregory terms mararodite, re- 
garding it as a mixture of paragonite, damourite and margarite. 
Probably most observers, however, would be content to call the 
rocks quartz-sericite schists. They are excellently described and 
are shown to have been derived mainly from siliceous porphyries 
of probably pre-Silurian age. After these rocks had been folded, 
metamorphosed, and planed down by erosion, conglomerates, 
probably of Devonian age, were laid down upon their edges. 
Subsequently the region was greatly faulted; blocks of conglom- 
erate were let down into the schists and the schists in some places 
were thrust up over the conglomerates. 

The principal ore bodies occur in the schists near a great north- 
south thrust fault, the Devonian conglomerate forming the gen- 
eral foot wall. They are great lens-shaped replacement masses 
of remarkably pure sulphide ore. The district contains also 
numerous fahlbands, some of which are extensively worked for 
siliceous mecal-bearing fluxes to mix with the higher grade pyrite 
ore. The great ore body of the Mount Lyell mine, like that of 
the Homestake mine in the Black Hills, is an irregularly boat- 
shaped mass. It tapers gradually downward and is then cut off 
by a great thrust plane. The ore consists almost entirely of 
pyrite containing copper, gold, and silver. The average assay 
contents for the last few years have been 2.92 per cent. of cop- 
per, 2.74 ounces of silver and .097 ounce of gold. 

In few mines has the form of the entire ore body been so well 
determined. It is estimated that the Mount Lyell mass contained 
originally 4,187,499 tons of ore, of which at least 3,349,883 tons 
remained at the end of March, 1901. The daily output is ap- 
proximately 1,000 tons, or about the same quantity that is pro- 
duced by the larger of the lead-silver mines of the Coeur d’Alene 
district. 

One of the most interesting features. of the deposit is the 
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occurrence of rich shoots containing bornite, tetrahedrite, chal- 
copyrite, and occasionally chalcocite and argentite. These, as 
Professor Gregory shows, are secondary enrichments and bear 
an obvious relation to the great hematitic grossan. It is to be 
regretted that the mode of formation of the tetrahedrite was not 
more fully discussed since well-authenticated examples of the 
secondary origin of this mineral are certainly not numerous. 

Professor Gregory’s argument that the hematite of the super- 
ficial part of the ore body can not have been formed by the action 
of descending surface water fails to be entirely convincing. The 
gossans of some of the Arizona copper deposits, notably that of 
the Old Dominion mine at Globe, contain abundant hematite 
which has apparently been formed by percolating water and 
which shows little tendency to weather into the hydrous limonite. 

The general conclusions reached by Professor Gregory are: 
that the large ore bodies are related to faults and are replacement 
deposits at points where several fissures intersected; that they 
were deposited by thermal, alkaline, “ plutonic waters ”’ which 
had derived their heat from the crushing incident to faulting; 
and that they are not connected with igneous activity. 


’ 


The use of “ plutonic water’ and “ meteoric water” as op- 
posed terms is not entirely clear. Professor Gregory’s plutonic 
water is apparently not necessarily magmatic and by meteoric 
water he seems to mean mefely downward-sweeping surface 
water. In discussing contact deposits, the author has in mind the 
old textbook definition and ignores the modern and genetic signi- 
ficance attached to the term by the work of Vogt, Lindgren and 
others. The word peneplain, spelled as originally proposed, is so 
firmly entrenched in good geological usage that the form “ pene- 
plane,” used in this paper, strikes the reader much as would type 
spelled with an 1. 

The memoir is excellently illustrated with sections, sketches 
and photomicrographs. In the absence of a contour map, a few 
general views illustrating the topography of the region, would 


not have been amiss. 
F. L. RANSoME. 
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The Rocks of Cape Colville Peninsula, Auckland, New Zealand. By 
Professor W. J. Sottas. With an introduction and descrip- 
tive notes by Alexander McKay, Government Geologist, N. Z. 
Vol. I. Pp. 292, with many plates. Wellington, 1905. 

The title of this work would probably have more quickly ap- 
pealed to the interest of economic geologists had the name Hau- 
raki Peninsula been chosen rather than the less familiar one used. 
About two-thirds of the volume is occupied by Professor Sollas’s 
report on a collection of over 400 rock specimens submitted to 
him by the New Zealand government. ‘The petrography of the 
specimens, which are nearly all andesites, dacites and rhyolites, is 
described in detail and their structures are illustrated by numer- 
ous striking full-page half-tone plates from photomicrographs. 
A general discussion of the petrology is promised for a later 
volume. 

To economic geologists and mining engineers the most valu- 
able part of the work is Mr. McKay’s introductory sketch of the 
geology of the peninsula and his complete bibliography. The 
volume would have been improved by a map of the region. 

F, L. RANsoME. 


The Lead and Zinc Mines of Monteponi. (Mining Magazine, July, 
1905.) By C. W. Wricut. Pp. 5 with five figures in the 
text. 

These old and interesting deposits at Monteponi on the Island 
of Sardinia are briefly described in this article by Mr. Wright. 
They have been worked since Roman times and in the last ten 
years have yielded somewhat over $25,000,000 worth of ore. 
While the galena is argentiferous zinc ores have been for some 
years the most important. The ore bodies occur in southwestern 
Sardinia in limestone and at or near their contact with Silurian 
schists. The sedimentary rocks are intruded by granite and 
diabase dikes. Dr. Ferraris considers the ores to be genetically 
related to these igneous rocks, the metals having been given off 
during their solidification. Deposition may also have occurred 
as a result of the mingling of magmatic with ordinary under- 
ground waters. 
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The ore bodies are quite irregular and occur as (a) fissure fill- 
ings in both schist and limestone, and (b) stocks or pipes in the 
limestone only. The fissure veins are well defined and carry 
argentiferous galena, sphalerite, some smithsonite, calcite, quartz, 
fluorite and barite. The pipe deposits are exceedingly irregular 
and consist mainly of calanine and smithsonite with galena low 
in silver and with many associated minerals. At Monteponi cer- 
tain pipes have been followed to a depth of nearly 650 feet. 
Depth does not determine the value of the ore, and to the greatest 
depth yet reached secondary minerals indicative of oxidizing 
waters are present. The size of the ore body is determined by 
the character of the enclosing rock being largest argillaceous 
dolomite and smaller, as also leaner, in hard tough limestone. 

H. F. Barn. 


Cemert Materials and Industry of the United States. E. C. EcKEL. 
U.S. Geol. Surv., Bull. No. 243, 1905. Pl. 1—XV.; Fig. 1. 
This bulletin is one of a series of reports on the different “ Min- 

eral Products of the United States ” which are being issued by the 

United States Geological Survey, those already printed including 

gypsum, coal and clays (in part). 

As the author states in the introduction to his report, it has 
been prepared for the purpose of giving information to land 
owners on whose property there are located cement materials, and 
to cement manufacturers who may wish some general informa- 
tion regarding a region in which they contemplate erecting a 
plant. 

The tremendous growth of the portland cement industry and 
its importance at the present time, is shown by the fact that in 
1890 the cement output was 335,500 barrels valued at $439,050, 
while in 1903, it exceeded 22,000,000 barrels valued at over 
$27,000,000. 

The author considers that in its value to present civilization 
portland cement is surpassed only by iron, coal, and oil, but it 
would seem to the writer that some other non-metallics such 
as clay and clay products (valued at $130,000,000 in 1903) might 
also be fairly considered to outrank it. 
The bulletin is divided into four parts. 
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Part I. is devoted to a consideration of the characters and 
occurrence of the raw materials used for making portland cement, 
and their methods of manufacture. 

Of the calcareous materials, some variety of limestone is the 
most important, while alkali waste is coming into prominence. 
Of the alumino-siliceous elements, some form of clay or shale 
is commonly used, although slate waste is pointed out as a pos- 
sible important future source. The value of slag when of the 
proper composition is also coming to be recognized. 

The economic value of argillaceous over pure limestone is em- 
phasized, and its extensive utilization in the Lehigh district of 
Pennsylvania and New Jersey is noted; outside of this area it is 
found in Utah, California and Colorado. 

In the pages on cement manufacture the author gives a con- 
densed account of the mining, preparation, burning and grinding 
of the cement materials, together with statements of cost. The 
rotary kiln is now almost exclusively used for burning. 

Part II., which discusses the geologic and geographic distribu- 
tion of cement materials, as well as the portland cement industry 
of the various states, is based partly on the author’s personal ob- 
servations, and partly on those of others, the existing literature 
being freely consulted. Numerous limestone analyses are given, 
as well as geologic maps showing the limestone belts. These 
latter are one of the most valuable features of the bulletin. 

Although materials suitable for portland cement manufacture 
are found in almost every state, plants are in operation in but 
seventeen of them, and the majority of these are located east of 
the Mississippi River. 

There are very few localities in which an argillaceous limestone 
is found which approaches so closely to portland mixture in com- 
position that but a little pure limestone has to be added to it. 
That found in the Lehigh district, Pennsylvania, is of this type, 
as is also the Selma chalk or Rotten limestone of the Cretaceous 
in Alabama. 


In the northern states, Michigan, Indiana, Ohio and New 
York, marl is much used, while in Iowa, Arkansas, and parts of 
Texas, chalk or soft limestone is available. 
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The description of the portland cement materials is supple- 
mented by a bibliography. While fairly complete for certain 
localities, in many of the states this has unfortunately been 
omitted. It is to be regretted that the author has not included in it 
the published investigations which are available for many states. 

In Part III. the natural cement resources of the United States 
are described, the author pointing out the wide range in com- 
position which American natural cement rocks possess, and their 
wide distribution. They are, however, worked in only a few 
states, and their development has been comparatively slow, partly 
because portland is more favored as a hydraulic cement. This 
chapter also contains many analyses, some of which appear in 
print for the first time. 

The last or fourth part is of considerable interest in that it 
treats of the puzzuolano or slag cements, made of a mixture of 
slag and either limestone or lime. 

Mr. Eckel discusses the methods of manufacture, and com- 
position of the slag, as well as the character of lime used, and 
those of the cements, which are distinguished from portland by 
their lighter color, inferior gravity and slower set, as well as 
low lime and high alumina percentages. Slag cement is now 
made at only five localities (according to the map accompanying 
the bulletin) but its manufacture promises to assume considerable 
importance in the near future. 

In discussing the properties of limestones the author ventures 
certain statements with which all geologists may not agree. 
Thus for example on p. 27 calcareous tufa is defined as a more or 
less compact limestone. On p. 29 it is intimated that clay con- 
sist of a combination of silica and alumina, whereas evidence 
points to the fact that it is of much more complex composition. 

The author also classes the rock used at Dallas, Texas, as a 
chalk, although in its fresh condition it is a hard, finely crystalline 
blue limestone. 

Mr. Eckel’s statement that the carbon dioxide of limestone 
passes off at 300° C. may also be questioned, as experiments have 
proved that this probably begins not lower than 850° C. 

The bulletin is a timely contribution on an important subject 
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and as such will be much appreciated, but a more extended dis- 
cussion of the details of technology and a more liberal use of 
illustrations would have done much to enhance its value. 

H. Ries. 


California State Mining Bureau. Lewis E. Ausury, State Min- 
eralogist. Register of Mines and Minerals. 

This useful register is published in separate pamphlets for each 
county, bearing on the cover the year in which the data were 
collected. Each number presents a brief description of the 
county, with special reference to its mineral resources, and in 
some cases includes also a geological map compiled from the work 
of the U. S. Geological Survey and a large-scale outline map 
showing the situation of the principal mines. The statistics and 


geological condition of each mine are exhibited in tabular form. 
F. L. RANSoME. 


Records of the Geological Survey of New South Wales. Vol. VIII., 
Part I., 1905. I. The geology of the Kiama-Jamberoo Dis- 
trict. By Joun B. JAguEet, GrorceE W. Carp and L. E. 
HARPER. 

The rocks of this undeveloped coal field, which lies about 
seventy miles south of Sydney, include Permo-Carboniferous, 
Triassic and Tertiary sediments associated with flows of basalt 
and trachyte and cut by intrusions of nepheline syenite, tinguaite 
and basalt. The district appears to have been a center of erup- 
tive activity in late Carboniferous and in Tertiary times. The 
unusual excellence of the chemical analyses of the igneous rocks, 
made by Messrs. J. C. H. Mingaye and H. P. White, deserves 
particular mention and the rocks themselves are discussed in ac- 
cordance with the quantitative system of classification proposed 
by Messrs. Cross, Iddings, Pirsson and Washington. 

F. L. RANSoME. 


Die goldfihrenden Erzvorkommen der Murchison Range im norddést- 
lichen Transvaal. By Hans MereNsky. Zeitschrift fur 
praktische Geologie, Vol. XIII., 1905, pp. 258-261. 

The Murchison Range consists of numerous parallel NE-SW 
ridges rising to 1,000 feet above the intervening valleys. The 
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ridges are generally composed of chloritic schists, amphibolites 
and quartzites, and the valleys are floored with granite. There 
are two belts of veins of rather unusual mineralogical character. 
The lodes of the northern belt consist of many stringers follow- 
ing the general schistosity. They carry auriferous stibnite, chal- 
copyrite, pyrite and some coarse free gold, in a gangue of quartz 
with subordinate carbonates. The schist between the stringers 
is altered to a mass of quartz, dolomite and calcite. It contains 
the same metallic constituents as the stringers or veins, but in 
very much smaller quantities. 

The southern or Spitzkopf belt contains two kinds of veins. 
The first type resembles that of the northern zone, but contains 
no stibnite and the veins are usually smaller. The second type 
is closely associated with bands of amphibolite schist. The am- 
phibolites are said to become quartzose near their contact with 
the other schists and to pass into masses of quartz and actinolite 
carrying auriferous sulphides, especially pyrite. These deposits 
are supposed to be due to eruptive contact action but the ex- 
planation is far from complete. Somewhat similar deposits are 
referred to as occurring north of the Murchison Range, where it 
is stated that gold-bearing pyrite and arsenopyrite are associated 
with an actinolite and tourmaline gangue, and that free gold is 


embedded in tremolite. 
F. L. RANSoME. 


RECENT LITERATURE ON ECONOMIC 
GEOLOGY. 


Coal and Coal Mining in New South Wales. By Tuomas Par- 
TON. Trans. of the Australasian Institute of Mining Engi- 
neers, Vol. X., 1905. Pp. 233-262. 

Die Brauneisenerzlagerstatten des Seen- und Ohmtals am Nord- 
rand des Vogelsgebirges. By HrerMANN Minster. Zeit- 
schrift fiir praktische Geologie, Vol. XIII., 1905. Pp. 242-258. 











96 SCIENTIFIC NOTES AND NEWS 


Die gangformigen Erzlagerstatten der Umgegend von Massa 
Marittima in Toskana auf Grund der Lottischen Untersu- 
chung. By Kart Ermiscu. Zeitschrift fiir praktische 
Geologie, Vol. XIII., 1905. Pp. 206-242. 

Estadistica Minera de Chile en 1903. Ericomendada a la So- 
ciedad Nacional de Mineria por el Supremo Gobierno i Ilevado 
a cabo bajo la direccion i vijilancia de la sociedad por el in- 
jeniero de minas Don GUILLERMO YUNGE. Tomo lI. (con un 
mapa minero i otro jeoldjico del pais.) Santiago de Chile. 
1905. 

Fifth Annual Report of the Mining Bureau (P.I.). Manila, 
1905. By H. D. McCasxey, Chief of the Mining Bureau. 
Gold-mining in Southern Rhodesia. By Tuomas Warrtu. 
Transactions of the Institution of Mining Engineers (Lon- 

don), Vol. XXIX., Part 2, 1905. Pp. 75-88. 

Lehrbuch der Mineralogie. Gustav TscHERMAK. 6th edi- 
tion. Vienna, 1905. 

L’Industrie Aurifere. Davin Levat. Pp. 878. Paris, 1905. 

Memoirs of the Geological Survey of Victoria. 1905. No. 3. 

Note sur la genése des gisements métalliferes et des roches 
eruptives. Liége, 1905. 

Phosphate Deposits of Ocean and Pleasant Islands. By F. 
DANveRS Power. Trans. of the Australasian Institute of 
Mining Engineers, Vol. X., 1905. Pp. 213-232, Plates XX V.— 
XXXIX. 

Preliminary report on the geology and underground water re- 
sources of the central Great Plains. By N.H. Darron. U. 
S. Geolog. Survey, Professional Paper, No. 32, 1905. Pp. 433. 
Plates I—LXXII. and 18 figures. 


Report on a Geological Reconnaissance of the Iron Region of 
Angat, Bulacan. The Mining Bureau (P. I.), Bulletin No. 
3, 1903. 

The Clays and Clay Industry of New Jersey. By HeErInrIcu 
Ries and Henry B. KUMMEL, assisted by GrorcEe N. 
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Knapp. Geological Survey of New Jersey, Vol. VI. Pp. 
xxi + 548; LVI. plates, and 41 figures in text. 

The Indicators of the Daylesford Gold Mines, Victoria. By W. 
H. Vare. Trans. of the Australasian Institute of Mining 
Engineers, Vol. X., 1905. Pp. 340-352. 

The Mount Morgan Gold Mine, Queensland. By E. J. Dunn. 
Proc. Roy. Soc. Victoria, Vol. XVII. (new series), Pt. II. 
Pp. 341-355 (1905). 

The structure and genesis of the Comstock Lode. By Joun A. 
Rew. University of California Publications, Bull. of the 
Dept. of Geology, Vol. 4, No. 10. Pp. 177-199. 

Ueber einen Brazil-Monazitsand aus Bahia. By F. Karzrr. 
Osterreich. Zeitschrift fur Berg- und Htittenwesen, Vol. LIII., 
1905. Pp. 231-234. 

The Wood’s Point Gold-field. By O. A. L. Wuiretaw. 
With an appendix on the Propylitic Diorites and Associated 
Rocks of the Wood’s Point Gold-field. By Prof. J. W. 
Gregory. 


SCIENTIFIC NOTES AND NEWS' 


Mr. A. P. Low, of the Canadian Geological Survey, has re- 
cently been conducting an examination of the Huronian belt in 
the Chibougami Lake district of northern Quebec. The recent 
discovery of gold and copper ores in this region have added a new 
field to the several Canadian mining districts. 


Mr. S. F. Emmons, of the United States Geological Survey, 
attended the meeting of the International Mining Congress, at 
Liége, in June. 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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Mr. M. B. Baker, of the Kingston School of Mining at Kings- 
ton, Ontario, has undertaken the investigation of the clay de- 
posits and clay industry of Ontario for the Canadian Bureau of 
mines. 

Mr. James Sterling who recently held the position of govern- 
ment geologist for the state of Victoria, Ontario, is now in 
California. 

Dr. C. H. Smyth, jr., professor of geology in Hamilton Uni- 
versity, has been appointed professor of geology in Princeton 
University. 

Professor C. K. Leith, of the University of Wisconsin, has 
been occupied during the summer with a comparative study of 
the iron districts of the Western United States. He recently 
returned from the field to give attention to investigations of cer- 
tain Canadian iron regions. 

Messrs. R. W. Brock, G. A. Young and W. H. Boyd, of the 
Canadian Geological Survey, are engaged in a. detailed survey of 
the Rossland Mining Camp, British Columbia. Geologists and 
those interested in mining in Canadian fields will look with much 
interest for the results of their investigations. 


Mr. J. E. Spurr, late geologist of the United States Geological 
Survey, has resigned his position in the government service to 
become mining geologist for the Guggenheim Exploration Com- 
pany. 

During the past summer Drs. H. S. Poole and R. W. Ells, 
of the Canadian Geological Survey, have been conducting an ex- 
amination of the coal fields of the Pacific Coast of British Co- 
lumbia. The investigations have included Vancouver Island, 
Graham Island, of the Queen Charlotte group, the Quitchura and 
Nicola districts, and a number of other new localities in which 
the reported discoveries of coal have recently excited much 
interest. 


Professor J. F. Kemp, of Columbia University, who has re- 
cently been engaged in work for the Division of Mineral Re- 
sources of the United States Geological Survey, has returned to 
New York. 
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It is with much interest that we learn that Dr. Arthur C. 
Spencer, of the United States Geological Survey, resumed in 
August his studies of the iron and zinc deposits of northern New 
Jersey, studies which are to be extended into southern New 
York. Dr. Charles Palache, of Harvard University, has been 
making in conjunction with Dr. Spencer’s work, a monographic 
study of the minerals of the Franklin Furnace district. 

Under the direction of Mr. S. F. Emmons, of the United 
States Geological Survey, Mr. J. D. Irving, of Lehigh University, 
has recently completed the field work for the revision of the 
Leadville Monograph. 

Mr. Vernon F. Marsters, who has been spending the last year 
in research and study in the School of Pure Science, at Columbia 
University, has been appointed to the position of economic geolo- 
gist to the government of Peru. 

Dr. U. S. Grant, of Northwestern University, and Mr. Sidney 
Paige have, during the summer, been engaged in the study of the 
copper deposits near Valdez, Alaska. 

Mr. Dean Corsa has been recently entrusted by the Bethle- 
hem Steel Company with the examination of iron ore deposits 
in Cuba. 

The pamphlet of field assignments issued by the United States 
Geological Survey for the field season of 1905, shows that ninety- 
three geologists and assistants have been at work for the Division 
of Geology and Palaeontology. Of these fifteen were employed 
upon problems especially relating to the economic geology of the 
non-metalliferous deposits, and sixteen upon the study of metal- 
liferous ores. Many others have been at work upon general 
geologic problems closely related to economic geology. In the 
division of Alaskan mineral resources sixteen others were en- 
gaged, practically all of them on economic problems. In the 
division of mineral resources twenty-two were assigned during 
all or a part of their time to statistical investigation. 

A large number of geologists have also been employed by the 
hydrographic division in the study of the water resources of the 
country. 
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In glancing over the book of assignments a number of note- 
worthy facts are manifest : 

1. There has been a closer cooperation between the division of 
mineral resources and the geologic branches of the work, thus 
entrusting to those familiar with geological relations of mining 
districts the collection of statistics and insuring a more intelligent 
interpretation of results than is possible from men of purely 
statistical training. 

2. The initiation of a systematic and careful investigation of 
the western coal fields—hitherto only cursorily treated in scat- 
tered reports not primarily concerned with them. 

3. The beginning of regular work, akin to that heretofore 
carried on in the Lake Superior Iron region, on the eastern iron 
ores. 

The first change is brought about by the assignment of Messrs. 
Lindgren and Bain to assist in the collection of statistics of pro- 
duction of gold and silver and lead and zinc respectively. The 
second branch of work, that being carried on in the western coal 
fields, is one which promises, under the supervision of M. R. 
Campbell, to be productive of results of great value and scientific 
interest. Mr. Campbell’s colleagues in the work are Messrs. 
Schraeder and Shaler in the Gallup field, New Mexico; Messrs. 
Fenneman and Gale in the Yampa field of northwestern Colo- 
rado, and State Geologist Leonard in the North Dakota-Montana 
field. The work in the Appalachians has been in the meantime 
placed in charge of Mr. Geo. H. Ashley. 


Mr. A. E. Barlow, of the Canadian Geological Survey, has 
been spending the field season at work in the Femagomi district. 

R. G. McConnelly, of the Canadian Geological Survey, has 
been occupied during the summer with the continuation of his 
field work in the Alsec district, Yukon Territory. 


Dr. William B. Philipps, late director of the University of 
Texas Mineral Survey, is now engaged in professional work in 
the Terlingua quicksilver district of Texas. 
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